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ABSTRACT
Inventory of Aging-friendly Pedestrian Environment
Qijun Zeng

The dimension of humanization has been neglected for decades. Planning
themes such as automobile and transportation have erroneously occupied a
dominant position. While public space, pedestrian activities and urban space as a
gathering place for urban residents have been placed in a very minor position. As
motorization in contemporary cities develops, the overall pedestrian environment
of cities is deteriorating, and the street spaces are seriously lacking in the care
and consideration of pedestrians, especially the vulnerable groups. Urban design
generally, and pedestrian environment in particular, has a significant influence on
pedestrian activity. Also, with the aging of the Baby Boomer generation (and
Generation X, to a lesser degree), the older adult population will increase
significantly over the next few decades in California and the United States as a
whole. For most people, walking is a social equal mode of transportation,
involving all levels, including children and the elderly. For the elderly, walking is
the most common way to travel, and also the most convenient and economical
way to exercise and participate in public activities, so streets are often the most
commonly used outdoor space for walking. Streets should be designed to
encourage walking, cycling, and interaction. The core content of this study is how
to construct urban street space suitable for the elderly. Specifically speaking,
what are the needs of the elderly regarding street designs that allows them to
walk and participate in public activities. The study will also looks at whether the
existing urban street environments meet these needs, for comfort level and
interest level and how to create street space to meet these needs, so that urban
streets can better serve the elderly.
Key words: Pedestrian environment, Pedestrian activities, Aging society, Elderly
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Inventory of aging-friendly pedestrian environment

1.

Introduction

1.1. Statement of purpose
Under the impetuous mentality of quick development of motorization,
street design gradually ignores the potential of the main body of space to
further benefit people, especially the elderly. Urban design and transportation
planning have evolved over the past century along distinctly different tracks,
urban design focusing on the concrete experiential qualities of the built
environment, generally at small to medium scale, and transportation planning
focusing on more abstract function and efficiency, particularly for the motorist,
at the scale of cities and regions (Southworth, 2005). The streets are getting
wider and wider, the neighborhoods are getting bigger and bigger, and being
able to better serve the car instead of the pedestrians; the construction of the
road becomes a model project, and the street form becomes more and more
uniform (Giles-Corti, Donovan, 2002). As Jan Gehl (2010) said, the
dimension of humanization has been neglected for decades. Planning
themes such as automobile and transportation have erroneously occupied a
dominant position. While public space, pedestrian activities and urban space
as a gathering place for urban residents have been placed in a very minor
position. Architectural trends have shifted their attention from urban public
space and interaction to architectural monomers, making elderly people
increasingly isolated, self-contained and contemptuous. Urban design
generally, and streetscapes in particular, has a significant influence on
pedestrian activity (Ewing et al., 2015). The core content of this study is how
to construct urban street space suitable for the elderly. Specifically speaking,
what are the needs of the elderly regarding street designs that allows them
to walk and participate in public activities. The study will also looks at whether
the existing urban street environments meet these needs, for comfort level
and interest level and how to create street space to meet these needs, so
that urban streets can better serve the elderly. In the evaluation of street
pedestrian environmental characteristics for elderly pedestrians, it can be
expressed by the satisfaction degree of two demand characteristics such as
comfort and interest, but the factors affecting these characteristics are
various and complicated. Each feature is a comprehensive perception
concept, making it difficult to make accurate judgments. Therefore, in the
study, I conduct a survey with questionnaires to obtain preliminary
understanding of the respondent's usual walking habits and preferences for
street components. Then, the concept split for each demand characteristic is
set to be composed of a series of specific street images, based on the method
of Semantic Differential, like the survey done by Humpel (2004). By obtaining
1
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the scores of each image rated by the elderly, it can be expressed as the
satisfaction degree of each demand characteristic, and finally reflects the
level of aging-friendly urban pedestrian setting.
The reason for choosing the elderly as the research object is not to
establish a place that can only serve the elderly. However, because the
activities of the elderly are limited by their own physical conditions, the
demand for the use of space is higher than that of younger people. By
adopting the highest design standards to meet the needs of all people, the
designed space can embody fairness. Everyone may experience mobility
limitations at some point, such as tourists dragging huge baggage, parents
with children, elderly people struggling to walk or injured young people.
Therefore, designing only for young people excludes the elderly; on the
contrary, designing for the elderly takes all people into account.
There has been a controversy over the definition of the age of the elderly.
In this study, I take people aged 60 and over as subjects. On the one hand,
this is in line with our usual criteria for age classification. On the other hand,
it does not have a great impact on the conclusions of the study, because I am
concerned about the difficulties that older people encounter when using
urban public space, rather than how old they begin to be unable to cope with
these challenges freely. Even if not all the old people are weak, just as not all
the young people are healthy and strong, we cannot ignore the general
natural law that with the increase of age, people's physical ability will
gradually decline. For many people, the existing buildings and urban
environment do have practical problems that cannot meet the needs of the
aging society.
Walking is the most primitive mode of human transportation, and its
threshold and cost are the lowest (Humpel, 2004). For most people, walking
is a social equal mode of transportation, involving all levels, including children
and the elderly. For the elderly, walking is the most common way to travel,
and also the most convenient and economical way to exercise and participate
in public activities, so streets are often the most commonly used outdoor
space for walking. Streets should be designed to encourage walking, cycling,
interaction (Wen, M., & Zhang, X., 2009). However, living in the city streets
which depend on motor traffic will inevitably bring great inconvenience to the
elderly. Seniors also have the right to pursue a high quality of life. Not all
elderly with travel difficulties are eligible to live in special elderly communities
so that they can use outdoor space specially designed for their special needs.
For the elderly living alone in their own homes, the outdoor environment that
they can use and enjoy is as important as the housing they need (Wen, M.,
& Zhang, X., 2009). If the elderly can go out every day to breathe fresh air,
take a walk in the street to exercise, occasionally meet neighbors to chat
2
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about their daily life, or be able to go shopping and do things independently,
it is particularly important to improve their sense of self-worth and happiness.
The ultimate purpose of this study is to analyze the elements of street
which are popular with the elderly, and put forward measures to improve the
walking environment and walkability of the street, therefore to improve the
outdoor environment of the elderly to encourage the elderly to go out of their
homes, walk to the streets, and enjoy more outdoor public life and adapt to
the aging society.

1.2. Justification of the relevance and importance of the topic to
planning
Nowadays, transportation and public health program goals have focused
attention on walking and bicycling behavior and have begun studying the
physical environment that supports or challenges these healthy behaviors.
Interdisciplinary professional collaborations have increased research into
how the built environment influences people's travel decisions (Emery, 2003).
Research suggests that walking also promotes mental and physical health.
The quality of pedestrian environments is key to encouraging people to
choose walking over driving (Southworth, 2005). A large proportion of people
do insufficient physical activity to benefit their health, and there are growing
concerns about the environmental degradation caused by motor vehicle use
(Giles-Corti, Donovan, 2002). However, under the impetuous mentality of
quick development of motorization, street design gradually ignores the
potential of the main body of space to further benefit people, especially the
elderly.
As motorization in contemporary cities develops, the overall pedestrian
environment of cities is deteriorating, and the street spaces are seriously
lacking in the care and consideration of pedestrians (Southworth, 2005),
especially the vulnerable groups. In ignoring the pedestrian experience,
streets lost their intimate scale and transparency, and became mere service
roads, devoid of public life (Southworth, 2005). In order to actively respond
to the needs of urban construction and development for aging society, this
study aims to analyze the current situation of elderly people's travel difficulties
by focusing on the characteristics of the age-friendly walking space of the
street. The study proposes design elements and implementation strategies
to improve the street walking environment, therefore, encouraging the elderly
go to the street and enjoy the outdoor public life and improve the quality of
life. As a result, the construction of urban streets for seniors is an inevitable
trend of humanization and sustainable development in an aging society.
3
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The benefits of increasing walking are widely recognized. Walkability is the
foundation for the sustainable city; without it, meaningful resource
conservation will not be possible (Southworth, 2005). Nationally, older adult
pedestrian fatalities occur at 2-3 times the rate of the general population. In
California, pedestrian fatalities age 65 and older increased 19.8 percent from
202 in 2015 to 242 in 2016 (Tracy McMillan, Ana Lopez, Jill Cooper, 2018).
Two primary factors behind these high rates of older adult pedestrian injury
and fatality are: 1) increased susceptibility of injury and risk of death when
collisions occur; and 2) a transportation infrastructure poorly designed for
pedestrians, particularly more vulnerable pedestrians (Tracy McMillan, et al.,
2018). The California Manual of Uniform Traffic Control Devices (CA MUTCD)
recommends using a walking speed of 3.5 ft/s as the standard at most
signalized pedestrian crossings (Tracy McMillan, Ana Lopez, Jill Cooper,
2018). Since the walking speed of many older adults as well as other road
users is slower than that, the potential for conflict and anxiety between road
users is high. Given this, the CA MUTCD was updated in the past several
years with the recommendation of a walking speed of 2.8 ft/s in locations
where older or disabled pedestrians routinely use a crosswalk.

1.3. Aging Population Statistics
Making communities age-friendly and transportation systems supportive of
all road users is incredibly important as we consider some of the
demographic shifts underway. With the aging of the Baby Boomer generation
(and Generation X, to a lesser degree), the older adult population will
increase significantly over the next few decades in California and the United
States as a whole:
As Tracy McMillan (2018) reported, the older adult population in the United
States aged 65 and older is expected to almost double between 2012 and
2050, from 43.1 million to 83.7 million. The California Department of Aging
estimates that by 2050 13.9% Californians will be 60 or older, representing
over 25% of the state population. Over 2.5 million of those individuals will be
85 or older (Tracy McMillan, et al., 2018). This age wave is largely due to the
Baby Boomers “coming of age” and increased survivorship rates. While
Californians are living longer, they are facing health concerns. Over 80% of
older adults have at least one chronic condition, and 50% have at least two.
The growth in population of older adults in California is expected to occur in
all but the most rural counties, with the largest increases in the Central Valley
and Southern California counties (Tracy McMillan, et al., 2018).

4
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Figure 1 2018 population projections for California
Source: Safe Routes for Older Adults, 2018

According to the 2016 California Health Interview Survey, twenty four
percent of individuals sixty and over in California live in one-person
households. Females sixty and over live in one-person households more
frequently than males (28.7% vs. 19%). Transportation constraints such as
unsafe places to walk or bicycle or limited transit or auto access, can
contribute to social isolation, which negatively impacts mental and physical
health.
While current travel patterns indicate that most travel for older people is by
car (as a driver or passenger), the second most common form of travel is
walking. Future expectations reflect the current model. In addition, it is
important to note that each motorized trip (automatic or transport) begins and
ends on foot.
The benefits of walking for older adults are many: increased physical
activity, travel independence, and social connection are but a few. However,
older adults are disproportionately represented in pedestrian injuries and
fatalities both nationally and in California:

5
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2.

Literature Review

2.1. Perceived-safe street from crime
2.1.1. Ensure Eyes-on-the-street
A vibrant street can increase the safety of pedestrians, because when
there are many people on a street, they spontaneously form a considerable
degree of common defense; a quality which Jane Jacobs (1961) called
“eyes on the street” phenomenon. This social supervision mechanism can
effectively curb the occurrence of criminal behavior. (Jane Jacobs, 1961).
Active buildings with windows facing the street, can ensure eyes-on-thestreet. The neighborhood built environment is also important, particularly
in the provision of destinations, such as restaurants and bars, nearby.
Interventions to modify the neighborhood environment are possibly more
effective for women, because the effects of these factors were stronger for
them (Wen, M., & Zhang, X., 2009).
2.1.2. Convey Human-scale and the sense of enclosure
Smaller spaces give people the feeling of shelter. On the contrary,
empty and over open spaces can be confusing and overwhelming (GilesCorti, Donovan, 2002, Alfonzo et al., 2008). Therefore, in the space design
of the street, appropriate spatial scales should be created, and the space,
the fence, the ceiling, and the like should be used to define the space to
form a sense of space to enhance the safety of pedestrians. (Benefield, L.,
& Holtzclaw, B., 2014, Lund, 2002)

2.2. Pleasant-to-walk street
The street space that can attract pedestrians to walk should be pleasant
and interesting. The quality of the walking environment influences the
amount of walking people will do (Southworth, 2005, Weinstein et al., 2008).
This is not related to the safety or even convenience, but a psychological
feeling that makes it easier to engage with the environment instead being
indifference or bored. In most United States cities transportation and land
use policies have made walking and bicycling inconvenient, unpleasant,
and dangerous (Wen, M., & Zhang, X., 2009). Environments that support
fast and efficient auto travel are not enjoyable, safe, or interesting for
pedestrians and bicyclists (Southworth, 2005). The local street
environment does seem to matter for leisure walking, but in different ways.
Gateway or high control streets favor leisure walking, whereas high local
integration seems to disfavor leisure walking (Baran et al., 2008).
6
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2.2.1. Add Greenery and pleasant landscape to the streets
Landscape elements such as planted verges help insulate the
pedestrian from the moving traffic, and street trees provide protection from
the sun and help define the street space (Southworth, 2005). Elderly have
an instinctive love for natural landscapes. The green landscape not only
enhances the visual beauty of the space, but also makes the pedestrians
relax and enjoy the mood. It can also block the dust, weaken the noise,
and protect the pedestrians from the heat, thus improving the comfort of
the street. At the same time, sculptures, flower beds and other landscape
pieces can increase the fun and recognizability of the street landscape
(Appleyard et al., 1972).
2.2.2. Avoid noise interference
A noisy environment not only makes the elderly feel annoyed, but also
interferes with their judgments and communication with others (Appleyard
et al., 1972). Therefore, the comfortable street environment should be
quiet and peaceful, try to avoid the noise caused by vehicles, crowds,
tweeters, construction, etc., or provide a variety of space options to avoid
the noisy environment.
2.2.3. Make trips shorter, both psychologically and physically
Since the walking distance of the elderly is limited by their physical
ability, the function of the plot should be mixed and rationally configured
with public service facilities to meet the daily needs of the elderly and
shorten the actual distance to the destination. At the same time,
reasonable streetscape design and route design are more important.
People are unlikely to walk more than 10 min to transit facilities or 30 min
to their destination (Finnis, K. K., and D. Walton, 2008). If this time budget
is exceeded, they will likely opt for private vehicle transport. When the
distance to a distant destination is unobstructed, it will make people feel
uninteresting. The compact and various streetscape can shorten the
psychological feeling. The distance; at the same time, the setting of the
shortcut is also necessary. If you can see the destination but have to go
around, it will also be unpleasant (Jan Gehl, 2010, Weinstein et al., 2008).
A highly walkable environment invites walking by means of a richly
connected path network that provides access to the everyday places
people want to go. It is safe and comfortable, with streets that are easy to
cross for people of varied ages and degrees of mobility (Southworth, 2005).
Minimizing the walking distance is the most important factor influencing
people’s choice of route. Basic path infrastructures that offer direct and
7
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safe connections to popular destinations is enough to support utilitarian
walk trips, even if budgets do not permit aesthetic enhancements along
those routes (Weinstein et al., 2008). Mixed land use shortens travel
distance and hence encourages walking, biking and transit use. Diversity
thus directly and negatively affects private mode split (Lin et al., 2009).
2.2.4. Increase the transparency of the ground level of street wall
The building interface along the street is the boundary between street
life and building indoor life, and the transparent boundary can make the
inner and outer space richer in the perception experience, rather than
being clearly divided by a wall. For example, pedestrians on the road can
browse the goods in the street shops through the window, and the people
in the restaurant can look at the passing pedestrians through the glass.
Windows as a percentage of ground floor façade, which is a common
operational definition of transparency. Street vitality highly depends on its
interaction with adjacent buildings, and a high level of transparency at the
ground level can facilitate this interaction. It may be argued that the impact
of transparency is mainly due to the presence of retail activities (Ewing et
al., 2015).
2.2.5. Diversify spaces and choices along the route
The various street space can provide a variety of space choices to
meet the different needs of different activities for privacy, thus laying a
space foundation for various street life (Giles-Corti, Donovan, 2002,
Alfonzo, 2008 , Wilson et al., 2004, Plas et al, 1996). For example, some
elderly like to be quiet, they can choose to sit, watch, or talk on the opposite
edge of the space; some old people like lively, they can choose relatively
open space to group activities, without affecting the passing pedestrians
and so on. Activity encouraging active transport and creating safe, highquality walking environments with access to local destinations is a priority
(Wilson et al., 2004). Walking it is health-protective and should be
encouraged, particularly for car owners who were less likely to walk for
transport (Giles-Corti, Donovan, 2002, Ball et al., 2001). Creating
supportive pedestrian environments—particularly access to sidewalks and
shops in an attractive neighborhood—has the potential to influence
participation in both walking and vigorous activity (Brownson et al., 2001).
Significant streetscape features can contribute to walkability of streets
(Issac, 2000). The first feature is street furniture, defined as all kinds of
signs, benches, parking meters, trash cans, newspaper boxes, bollards,
street lights, and so forth, anything at human scale that increases the
complexity of the street. Providing urban furniture and specifically urban
8
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seating is a common recommendation for activating public spaces (Ewing
et al., 2015, 2002, Ball et al., 2001). A walkable neighborhood or city has
an accessible pattern of activities to serve daily needs. This means that
one can reach most local-serving uses on foot within 10-20 minutes or up
to 1-2 miles (Southworth, 2005). The types of activities that fall within this
“neighborhood access” category include such uses as shops, cafes, banks,
laundries, grocery stores, day care centers, fitness centers, elementary
schools, libraries, and parks. A safe, continuous path network in a
monotonous physical setting will not invite pedestrians. The path network
must engage the interest of the user (Wilson et al., 2004). Many aspects
of the path context can contribute to a positive walking experience: visual
interest of the built environment, design of the street as a whole,
transparency of fronting structures, visible activity, street trees and other
landscape elements, lighting, and views (Southworth, 2005). Improving
neighborhood aesthetics is critically important for many reasons—such as
making walking more pleasant, creating a neighborhood sense of place
and perhaps encouraging recreational walking (Weinstein et al., 2008).
Pedestrians are exposed to the outdoor elements and walk slowly through
the environment. Amenities can make walking much more enjoyable—for
example, street trees for shade and wind protection, bus shelters for
waiting, and interesting architecture (Forsyth et al., 2008).

2.3. Legible street
2.3.1. Add legible signs
Legibility means that the street environment and structure are easily
understood and form a clear image, which can help the elderly to improve
their ability to find ways to a certain extent, so that they can easily identify
their position and determine the walking route (Finnis, K. K., and D. Walton,
2008, Forsyth et al., 2008). Information such as road signs can help the
elderly to confirm their location and the route they are walking, and it has
an important role to play in preventing lost. Therefore, the design and
setting of the logo should fully consider the understanding and visual
characteristics of the elderly, and form a clear and easy to understand sign
system (Brownson et al., 2001, Issac, 2000). As elderly get older, the
chances of getting lost will increase. The worse a person's memory, the
less likely they are to concentrate. And getting lost often happens in the
case of memory confusion or mental paralysis. For example, people who
talk while walking forget where they should turn; sudden loud noises scare
elderly, and they easily forget themselves. People on the walking route
must make constant decisions on which way to turn and which direction to
9
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turn, which makes the elderly who are easily distracted feel more difficult,
especially in the complex structure of the street, or the intersections look
very similar in the case of. At this time, the easy-to-read street route is clear,
the nodes are clear, with a simple and clear indication system, and has
distinct features that can form clear street images, thus effectively helping
the elderly to reduce the loss of the road.
2.3.2. Add unique streetscape features and landmarks
The unique streetscape is good for the elderly pedestrians to identify
the environment, so that they can identify their location and reduce the
chance of getting lost (Ball et al., 2001, Forsyth et al., 2008, Issac, 2000).
For example, distinctive landmark buildings, iconic landscapes, distinctive
street corners and diverse open spaces are easy to identify and remember,
thus becoming the route of the elderly (Brownson et al., 2001). Active uses
contribute to walkability of streets. Active uses, defined as shops,
restaurants, public parks, and other uses that generate significant
pedestrian traffic. Inactive uses include blank walls, driveways, parking lots,
vacant lots, abandoned buildings, and offices with no apparent activity. A
corridor that is losing its commercial identity to nonactive uses may not be
a priority for becoming a pedestrian- dominated street (Ewing et al., 2015).
2.3.3. Create a cohesive and continuous space
As Kevin Lynch (1960) said, identifiable street should be continuous,
as continuous spaces can enhance pedestrians' impressions of street
space and provide guidance for pedestrians. On the one hand, continuous
streets can be a unified form of space, such as a coherent street tree, a
unified architectural form, etc. On the other hand, it can also be a gradual
change in space, such as changes in slope, changes in building height,
and so on. Too much uniformity is boring and too much complexity is
chaotic. The right approach is organized complexity that create a cohesive
whole. Spaces are attractive and engaging to be in, with street trees or
other landscape elements, coherent but varied built form, and visual
connection with the life of the place (Southworth, 2005, Booth et al., 2000).
Connectivity of the path network is determined by the presence of
sidewalks and other pedestrian paths and by the degree of path continuity
and absence of significant barriers. Barriers to pedestrian access such as
cul-de-sacs and dead end streets, or busy arterials, railroad or power line
rights-of-way, rivers, or topographic features must be minimized.
Intersections and small block sizes usually correlates with a high degree
of connectivity. Barriers to pedestrian access such as cul-de-sacs and
dead end streets, or busy arterials, railroad or power line rights-of-way,
10
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rivers, or topographic features must be minimized (Southworth, 2005).
Beyond providing an internally well-connected pedestrian network, it is
important to provide connectivity with the larger city and region through
convenient and accessible links to other modes such as bus, streetcar,
subway, or train within a reasonable time–distance (Southworth, 2005).
For street design, the most popular characteristic examined has been
street connectivity, defined as the directness and availability of alternative
routes from one point to another within a street network (Baran et al., 2008).
2.3.4. Increase visual and physical connectivity
The pedestrian network links seamlessly, without interruptions and
hazards, with other transit modes such as bus, tram, or subway, minimizing
automobile dependence (Southworth, 2005). The path system is
sufficiently complex to be explorable over time, offering varied visual
experiences with repeated encounters. It supports walking for utilitarian
purposes such as shopping or the journey to work, as well as for pleasure,
recreation, and health (Booth et al., 2000, Talen, 1999). Visual interest
along the path network is important. A walk that is pleasurable, offering
changing scenes and social encounters, is more likely to be repeated than
one that is boring or unpleasant. This has been the least understood and
most ignored variable in walkability planning and design (Southworth,
2005). The connectivity of a line (sidewalk alley or trail) is the number of
lines that are directly connected to it (Baran et al., 2008). A modification of
connectivity is control, which measures the degree to which a line controls
access to its immediate neighbors taking into account the number of
alternative connections that each of these neighbors has. Simply, control
value represents the degree to which a line is important for accessing
neighboring lines. A high control value indicates that the line is an
important, almost necessary, link for neighboring lines. To better
understand this concept, consider a straight street segment that is
connected to three different dead-end streets and another street segment
that is connected to three other non-dead-end streets. The former street
segment has higher control value, as access to any of the three dead-end
streets is possible only through the segment. The later street segment has
lower control, as there are alternative streets to access the three nondead-end streets. In addition, a street segment that has more connections
potentially will have a higher control than a street segment that has fewer
connections (Baran et al., 2008). Street pattern is the design or
arrangement of streets and blocks; connectivity is the directness or ease
of travel between two points (Forsyth et al., 2008). The two issues are
intimately related as small blocks provide potential route options that are
11
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typically more direct than large blocks and can allow pedestrians to choose
different routes to achieve such ends as maximizing efficiency, avoiding
boredom or enhancing safety.

2.4. Safe street from injury
In Maslow's hierarchy of needs, safety need is the second need, and
everyone needs a space to be sheltered whenever and wherever they want to
gain a sense of safety. For the elderly, the safety of the street is a key factor in
determining whether to travel or walk in the street. In a safe street environment,
people can walk easily without worrying about security risks such as being
tripped, or bumped.
2.4.1. Ensure smooth and safe road surface
When the elderly are walking outdoors, any uneven road surface is
likely to cause the elderly to fall, such as loosely raised floor tiles, wet roads,
inconspicuous steps, vacant tree pits, scattered stones, and so on.
Therefore, all safety hazards on the street surface should be excluded to
prevent the elderly from wrestling accidents due to environmental reasons.
One key point is to avoid height differences (Brownson et al., 2001). Height
differences can make it difficult for older people to travel and may become
a safety hazard, so a street with good accessibility should avoid height
changes at any location. If this height difference is unavoidable, the slope
should be replaced by a gentle slope. Where the height difference varies
greatly, if it is not convenient to set the slope, then you should consider
setting up barrier-free facilities such as escalators or elevators. It should be
continuous, without gaps, and should have a relatively smooth surface
without pits, bumps, or other irregularities that could make walking and
wheelchair access difficult or hazardous. It should be at least wide enough
for 2–3 people to pass one another or to walk together in groups, and much
wider in very urban situations. Terrain can be a significant factor in
walkability, especially in cities with snow and ice. Steep hills such as those
of San Francisco, Calif. may require steps or even railings in sections to
assist pedestrians. Encroachments into the pedestrian right-of-way such
as utility poles, mail boxes, or newspaper vending machines can
compromise walkability by constricting the pathway or blocking crossings
(Southworth, 2005).
2.4.2. Add ample and soft lighting
Pedestrian scaled path lighting can enhance nighttime walking and
provide a greater sense of safety (Southworth, 2005, Appleyard et al.,
12
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1972). Dim light is one of the important reasons for the fall of the elderly,
but many older people still have travel needs at night, so in order to ensure
safety during night travel, the street should be equipped with adequate
lighting. Since the eyes of the elderly are difficult to adapt to the strong light,
the street design should ensure a proper size and proper shelter space to
maintain soft light and comfortable temperature in hot weather (Southworth,
2005). In addition, the choice of materials in the construction and ground
pavement should also be cautious, to avoid glare interference to pedestrian
vision.
2.4.3. Ensure sufficient sidewalk width
Narrow and crowded sidewalks can hinder the walking of older people.
Therefore, the reachable street should ensure sufficient width of the
sidewalk on the one hand, avoid obstacles such as parked vehicles, and
provide multiple routes for sections with large traffic flow, so as to avoid
congestion (Wilson et al., 2004). People perceived access to sidewalks and
an attractive, safe, and interesting neighborhood predicted participation in
vigorous activity and achieving recommended levels of vigorous activity
better than spatial access to formal recreational facilities (Giles-Corti,
Donovan, 2002). Attractive, safe, and interesting neighborhood
environments with sidewalks not only encourage walking, but also are
associated with vigorous activity. Many of those who engage in vigorous
activity go jogging, either as the primary activity or as part of their training.
Thus, creating environments supportive of walking has the potential to also
positively influence the small percentage of the population that engages in
vigorous activity.
2.4.4. Apply traffic calming strategies and make intersections safe
Traffic calming strategies are more likely to occur in streets with faster
speeds and higher traffic volumes, thus seriously affecting the safety of the
elderly while walking. Although it is difficult to control the amount of traffic,
we can limit the speed of the vehicles through the design of the road and
reasonably organize the relationship between the traffic and the pedestrian.
Street designs that achieve directness should also be made safe for
pedestrians, perhaps through measures such as traffic calming or design
improvements (Baran, et al., 2008). At the same time, the rational design
of the intersection is to ensure that the elderly are not threatened by
passing vehicles when crossing the road. Traffic calming techniques for
making streets more pedestrian friendly by slowing down traffic through a
variety of devices (Southworth, 2005): chokers, chicanes, speed bumps,
raised crosswalks, narrowed streets, rough paving, traffic diverters,
13
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roundabouts, landscaping, and other means.
2.4.5. Add resting and recreation opportunities
Older pedestrians who are prone to fatigue need plenty of room to rest
during the trip, including formal seating and informal rest spaces, such as
sitting facilities or pillars that can be docked (Giles-Corti, Donovan, 2002,
Booth et al., 2000). These facilities should be comfortable and easy to use.
Where access to recreational facilities is well accessible, greater emphasis
must be placed on promoting their usability and overcoming the social,
cultural and other barriers that limit their use. Ensuring greater access to
low-cost payment facilities and free outdoor entertainment (eg, safe and
attractive public open spaces and sidewalks) will increase the visibility of
recreational activities and may positively impact social norms (Giles-Corti,
Donovan, 2002). Accessibility to recreation facilities has been significantly
associated with being physically active. In insufficiently active street,
pedestrians are more aware of the crime (Kirtland et al., 2003). Public
space provides a venue for chance encounters, which serves to strengthen
community bonds. Neighborhood gathering places give heart to the
community and serve as a counter-pressure to community fragmentation
which results when communication is privatized. Public spaces in the form
of parks and civic centers also serve as symbols of civic pride and sense
of place which promote the notion of community. Sense of place is created
simply by paying attention to sense of space through proper design and
placement of public space (Talen, 1999).

2.5. Restoration in Environmental Psychology
Restoration is a popular topic within environmental psychology, a field of
psychology that intertwines with environmental disciplines to explore the
dynamic connections between individuals and their surroundings. One
important interaction between individual and environment is the restoration of
our attention, our energy, and ourselves by experiencing or viewing nature
(Clay, 2001). Interest in the subject has only been increasing as we spend
more of our time indoors and less time out in natural environments. As the
pace of life gets ever faster and busier, we environmental psychologists are on
the lookout for ways that we can incorporate more restoration into our lives. To
that end, experts have researched and laid out some guidelines and
information to help us understand how to take advantage of the opportunity
nature provides for restoration.
Stephen and Rachel Kaplan (1989) proposed that there are four cognitive
states, or states of attention, along the way to restoration: Clearer head, or
14
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concentration; Mental fatigue recovery; Soft fascination, or interest; Reflection
and restoration.
Natural environments have the capacity to restore your attention, improve
your performance on tasks, and improve your resistance to and recovery from
stressful life events. However, there are even more restorative benefits of
nature. A view of a natural setting outside your window can help you make a
speedier recovery with less drugs required than a view of a built environment
(Ulrich, 1984). Simply experiencing nature sights and sounds (even artificially
through paintings and recordings) allowed patients to get through a flexible
bronchoscopy with less pain (Diette, Lechtzin, Haponik, Devrotes, & Rubin,
2003). Viewing videos of scenic beauty significantly reduces pain and anxiety
in burn victims (Miller, Hickman, & Lemasters, 1992). People in an aged care
facility who were exposed to nature for one hour per week experienced
improved attention compared to elderly people who remained indoors
(Ottosson & Grahn, 2005). Young adult residents with a view of nature from
their home outperformed those who lived in an inner city on tests of attentional
capacity and were less likely to show aggression (Kuo & Sullivan, 2001).
Employees who could view nature from their window reported fewer physical
ailments and greater job satisfaction than those without a nature view, two
factors which also influence life satisfaction (Kaplan, 1993).
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3.

Research Methods

This research is to investigate the preferred streetscape design for the seniors
in San Luis Obispo. A questionnaire that includes a visual preference survey is
used to collect seniors’ preferences, their walking behaviors, and the factors that
encourage or discourage them to walk. Staff in the Village at Palm and Senior
center-San Luis helped me distribute the questionnaires to the residents and
members there. All questionnaires will be collected after distributed three weeks
later. Among them, 10 questionnaires were from random interviews in Downtown.
30 questionnaires were sent to the Village at Palm and the Senior Center. After the
questionnaire is distributed, I would provide appropriate instruction to help the
elderly understand the problem better.
In order to quantify the elderly's perception of street samples, this study
consists of two parts. The first part is a questionnaire based on respondents' usual
walking habits, walking distances, preferences for street components, etc. The
second part draws on Semantic Differential, a widely used questionnaire in the
field of psychology. Semantic difference method has been extended to the field of
spatial cognition research because it can accurately quantify people's subjective
perception. The main research results are concentrated on architecture and
landscape, and urban planning; scholars have applied this method to study street
space and the overall image of a city.
In the study, 60 images of various streetscapes are used to identify their level
of comfort and interest for the target population. By obtaining the scores of each
image, it can be possible to identify which environmental characteristics are
significantly correlated with high degree of interest and comfort among seniors.

3.1. Questionnaire
The questionnaire questions are related to basic information: daily walking
habits, walking element preferences, walking element suggestions, etc. The
questionnaire obtained Cal Poly IRB human subject approval. In order to take into
account the age difference and education level of the respondents, the questions
should be as short and easy to understand as possible, and avoid ambiguous
wording. The content of the questionnaire should be controlled as much as
possible within the time of answering that the respondent can tolerate, and it will
also facilitate the smooth progress of the investigation.
The questionnaire survey involved a total of 40 questionnaires given to senior
pedestrians in Downtown San Luis Obispo, and the residents of The Village at the
Palms and Senior Citizens Center-San Luis. I collected 38 of 40 valid
questionnaires. The staff at The Village at the Palms and Senior Citizens CenterSan Luis helped to distribute questionnaires to the elderly and collect
16
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questionnaires.

3.2. Semantic Differential
Semantic difference method has been extended to the field of spatial cognition
research because it can accurately quantify people's subjective perception. The
main research results are concentrated on architecture and landscape architecture,
and urban planning scholars have applied this method to street space and the
overall image of the city. In the study, the general operation method is to select as
many adjective pairs as possible related to the research object and opposite words,
and set 9 interval values between each pair of adjectives to indicate the psychology
when the adjective describes the objective object. People reflect the psychological
feelings of objective objects by selecting the interval values between pairs of
antonyms, so that they can simply and accurately reflect the relevant
characteristics of objective objects.
The semantic difference method is simple and reliable, and can be combined
with statistical methods for quantitative analysis. Compared with the previous
urban image research methods, the semantic difference method not only has
higher operability, but also makes up for methods such as image maps.
The two quality of interest and comfort was chosen to be investigated in this
survey. The relationship of the following list of streetscape features with these two
qualities is explored in this research.

3.3. Streetscape features
Ewing et al. (2006), and Amir Hajrasouliha et al. (2015) listed several
streetscape features in their walkability studies.
Street width
This includes roadways and sidewalks. The roadway is an interface that
provides the vehicle to drive on, and the number of lanes is usually determined by
the capacity of the traffic. For the spatial landscape, the texture and color of the
pavement are equally important.
Sidewalk width
The sidewalks are generally arranged on both sides of the road, the width of
which is determined by the flow of pedestrians. From the perspective of the
landscape, in order to achieve a visual balance, the ratio of the total width of the
sidewalk to the street should not be too low, even if the requirements of the flow of
pedestrian are met. A narrow sidewalk cannot be coordinated with a roadway or
green median.
Proportion of sidewalk
The proportion of width of the sidewalk to the total street width determines the
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comfort and walkability of pedestrians on the sidewalk.
Proportion of historic buildings
Clearly determined to be pre–World War II: high detailing, dumbbell shape,
iron fire escape, and so forth; post–World War II buildings are usually geometrically
and architecturally simple (though they may be impressive), have lots of glass
surface area, and little detailing.
Courtyards/plazas/parks
Courtyard: a permanent space in which people are intended and able to enter.
Plaza: large, enterable open space (bigger than fifteen square feet), often with
art, plants, or associated with building.
Park: place intended for human use/recreation, often with greenery, a
playground, and so forth.
Outdoor dining
Dining tables and seating located mostly or completely outside. Even if there
are no patrons, there is outdoor dining as long as the tables and chairs are present.
Buildings with nonrectangular silhouettes
Those that do not have simple rectangular profiles from at least one angle, as
seen by the passing pedestrian. Visible pitched roofs, bay windows in the roof or
foundation lines, dormers, and so forth qualify buildings as nonrectangular. Signs,
awnings, entrances, and porches are not considered in the shape of the building.
Major landscape features
Prominent natural landscape views like bodies of water, mountain ranges, or
man-made features that incorporate the natural environment; serve as natural
landmarks for orientation or reference. Parks do not count as major landscape
features.
Buildings with identifiers
Clear signs or universal symbols that reveal a building’s street-level use. A
steeple can identify a church, gas pump a gas station, tables and chairs a
restaurant, mannequins a clothing store, and so forth.
Proportion of street wall
The effect achieved when structures on a block continuously front the
sidewalk/path providing a defined street edge and feeling like a wall. A façade or
wall greater than five feet contributes to the street wall if it is set back no more than
ten feet from the sidewalk/path edge. Gates/ fences, greenery, or both greater than
five feet tall that obstruct more than 60 percent of your view of the space beyond
also count.
Proportion of sky ahead
Frame of vision: your frame of vision is the “box” that is visible when you look
ahead with your line of sight parallel to the ground. To better define the area, make
a box with your fingers (thumbs and pointer fingers) and hold it up to your face.
Slowly move it away until you can see all four sides—this is your “box.”
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All street furniture and other street items
Only the following: tables (without associated chairs), chairs (without
associated tables), vendor displays (count one per vendor), ATMs, hanging plants,
benches, flower pots, parking meters, umbrellas, trash cans (public only),
newspaper boxes, mail boxes, bike racks, bollards (count one per set), hydrants,
flags, banners, merchandise stands, street vendors, pedestrian-scale street lights
(not for cars), phone booths (one per structure), bus stops (count one per stop),
and train stations (count one per entrance).
Proportion of first floor with windows
Average proportion of first-floor façade made up of windows.
Building height
12 ft. per floor times the number of floors, including the roof floor of buildings
with slanted roofs and dormers and any visible sunken floors
Small planter
Any potted arrangement of trees, shrubs, or flowers that are smaller than ten
square feet at their base. The planter should be within ten feet of the sidewalk edge
and appear to be permanent (not small enough to be able to be brought inside at
the end of the day) but not in ground.
Proportion of tree canopy
Tree canopy accounts for the proportion of the visible sky. It has an impact on
the comfort of pedestrians.
Proportion of active uses
Active use building: one in which there is frequent pedestrian traffic (more than
five people enter/exit while you are observing the block)
Always active: parks, stores, restaurants, attached/apartment style residential
buildings, hospitals, and schools
Always inactive: construction sites, parking lots, churches, detached/single
residence units, and vacant or abandoned lots.
Number of buildings
Buildings that can be distinguished by separate doors/entrances (especially
for residential), architecture, colors, and so forth. Buildings are the most common
road landscape, including administrative office buildings, commercial buildings,
office buildings, residential buildings, schools, hospitals, factories, and historic
buildings. The building reflects the city's appearance and is the main window for
people to understand the city. Different types of buildings convey different
messages: the tall buildings in city reflect the modern business atmosphere; the
group of historical style buildings express a history.
Dominant building colors
The colors used for the majority of the building’s facade
Accent colors
The colors used for building trims and roofs, street objects, awnings, signs,
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and so forth.
Public art
Monuments, sculptures, murals, and any artistic display that has free access.
Art must be the size of a small person or have clear identification indicating its
status as art (creator, dedication, year, materials, etc.). In order to improve the
connotation of the city road and increase the interest, street pieces can be
arranged on the sidewalk, including various sculptures. Street pieces are placed
on the wider sidewalks and must not impede the evacuation of people.
Day/Night
Day or night scenes also affect the walking of the elderly, especially the
arrangement of lighting facilities. Street lights have a strong environmental image
function: street lights on both sides of the road can enhance the sense of
circumference and balance of the road.
The streetscape features of all 60 images have been quantified based on the
above protocol.
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4.

Result and Discussion

4.1. Findings
I conducted the survey in March-April 2019. A total of 40 questionnaires were
sent out and 38 valid questionnaires were collected. Statistical analysis of the data
was performed using Excel software.
Out of 38 responses, 5 respondents are 61-65 years old, accounting for
13.16%; 8 respondents are 66-70 years old, accounting for 21.05%; 8 respondents
are 71-75 years old, accounting for 21.05%; 9 respondents are 76-80 years old;
and 8 respondents are more than 80 years old. The oldest respondent is 94 years
old and the youngest is 61 years old. The average age of the respondents was
74.44 years old (standard deviation was 7.36).

Figure 2 Age structure

The gender proportion of respondents was 42.1% for males and 57.9% for
females.
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Figure 3 Proportion of Gender

Of the 38 respondents, 33 said their health condition were able to support them
to walk for more than 5 minutes, accounting for 86.84%. Only 5 respondents
indicated that they sometimes could not walk more than 5 minutes, accounting for
13.16%.

Figure 4 Health condition to support walking

As for the purpose of daily travel of the elderly, out of 38 responses, 23
elderly chose shopping, which is the most popular choice, accounting for
60.53%. There are as many choices as Strolling and Exercising, each with 20
choices, accounting for 52.63%. The commuting accounted for a small
22

Inventory of aging-friendly pedestrian environment

proportion, only 3 people, accounting for 7.89%. And 2 elderly indicated that they
also walked their dogs, accounting for 5.26%.

Figure 5 Purpose of daily travel of the elderly

As for the distance of the elderly's daily walking, out of 38 responses, 25
elderly, they walk less than 1 mile per day, accounting for 65.79%. 13 elderly said
they walked more than 1 mile per day but less than 3 miles, accounting for
34.21%. And no one indicated he walked more than 3 miles a day. This reflects
the fact that as the body functions decline, elderly usually walk no more than 1
mile per day.
As for the analysis of the typical walking distance per day and age, in the age
group of 61-65 years old, 66-70 years old and 71-75 years old, most of the
respondents did not walk more than 1 mile per day. On the other hand, in the age
group of 76-80 years and more than 80 years old, the proportion of respondents
walking at 1-3 miles and 0-1 mile per day was similar. And the proportion of
walking 1-3 miles a day was significantly higher than that of younger age groups.
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Figure 6 Age and typical walking distance per day

As for the analysis of the typical walking distance per day and gender, the
proportion of male walking 0-1 mile per day was 68.75%, and the proportion of
female was 64.64%; the proportion of male walking 1-3 miles per day was
31.25%, and the proportion of female was 36.36%. The typical walking distance
per day for male in the elderly was slightly lower than that of female.

Figure 7 Gender and typical walking distance per day
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Figure 8 Proportion of typical walking distance per day

When the respondents were asked what caused you not to walk, out of 38
responses, 17 elderly said they needed to walk a long distance to reach to a
destination, which is the most common reason for the choice, accounting for
44.17%. Regarding the choice of walking route conditions, Walking route is not
comfortable for walking (narrow, steep, uneven), Walking route is not safe (traffic
accident, or crime), and Walking route is boring each has 13 choices, each of
them was 34.21% in proportion. Regarding the greening status of the walking
route, there are 10 choices of Walking route does not have greenery, or trees,
accounting for 26.32%. In addition, it is worth mentioning that out of 38
responses, 10 elderly indicated that they do not like walking. It is worthwhile to
explore what makes them dislike walking. 2 elderly said that their physical
condition was the reason for them to walk less, accounting for 5.26%.
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Figure 9 Reasons cause elderly not to walk

As for the factors affect elderly’s decision about which route to walk, 86.84%
respondents reported that “Safety from collision (with a car or a bike)” was a very
important factor, while 7.89% respondents agreed it was a fairly important factor.
The average score of “Safety from collision (with a car or a bike)” is 4.79, which
is also the highest score. The second one was “Passing a safe area crime-wise”,
scoring at 4.58, which had 71.05% supporting to be very important factor and
15.79% supporting to be fairly important factor. The third factor was “Well-lighted
path at night”, scoring at 4.19. 50% of the respondents reported it was a very
important factor, 21.05% of them believed it was a fairly important factor and
21.05% of them claimed it was an important factor. These top three important
factors indicated that elderly regarded safety as the most important factor when
they chose to walk. Creating or improving safer and more various pedestrian
spaces will enhance the willingness of elderly to walk. Collision and crime of
route are potential insecure factors for the elderly, so creating a safe traffic
environment for the elderly, especially the construction of walking trails is
necessary. With the decline of vision, slow response and other physical and
mental changes caused by aging, it is difficult for the elderly to cope with
increasingly complicated traffic conditions at night, so the good lighting conditions
are also popular factor for the elderly to walk.
Beside these, “Road signs exist and are legible”, scoring at 3.78, which had
26.32% supporting to be very important factor, 36.84% supporting to be fairly
important factor, and 23.68% supporting to be important factor. This indicates that
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in addition to the road network, signs and signage systems should also fully
consider the recognition, comprehension and acceptance of elderly. An easy-toidentify traffic guidance system could provide elderly humanized assistance.
21.62% of respondents claimed “Avoid noise” was a very important factor
when they chose to walk, while 45.95% of them reported it was a fairly important
factor.
The scores for "Wide sidewalk" and "Shaded sidewalk with trees" are both
3.47, indicating that the elderly valued these two factors. 52.63% of the
respondents chose "Wide sidewalk" as a fairly important factor, while 23.68% of
them chose it as an important factor. 44.74% of the respondents reported
"Shaded sidewalk with trees" was a fairly important factor, while 21.05% of them
reported it was an important factor. Narrow and crowded sidewalks can hinder
the walking of elderly. Therefore, a spacious enough sidewalk width can improve
the walking experience of the elderly.
“Unique buildings and architectural styles exist along the path” is the least
important factor among the elderly, scoring at 2.33. 42.11% of the respondents
reported it was a slightly important factor, while 18.42% of them claimed it was a
not at all important factor. “Cohesion of roadside architectural styles” scored at
2.44, when 34.21% of the respondents indicated it was an important factor,
15.79% indicated it was a not at all important factor. The score for "Good view to
natural features such as mountains or lakes" was also low at 2.82. 47.32% of
respondents indicated that it was a slightly important factor. These three lowest
score factors were related to the aesthetic factors of the pedestrian environment.
It showed that when the elderly chose to walk, the aesthetics of the environment
is not so important relative to other factors.

Figure 10 Important factors about which route to walk
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As for the most important factors influencing walking experience, “Traffic
safety”, 86.84% of respondents chose it as one of the most important factor. The
most important factor for the elderly when walking is the safety, which also
mentioned in the previous question. 55.26% of respondents said that
“Accessibility” is one of the most important factors influencing walking
experience. The elderly-friendly walking environment should create convenience
and good accessibility for the elderly to reach different places. Various walking
routes enable the elderly to travel freely between the house and the destination,
or between place and place. Both “Flat road surface” and “Shade and greenery”
had 42.11% of respondents choosing them as one of the most important factors.
A good walking environment should provide a safe and comfortable walking
space for the elderly and increase their willingness to walk.

Figure 11 Important factors influencing walking experience I
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Figure 12 Important factors influencing walking experience II
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4.2. Findings from visual preference survey
4.2.1. Day scenes and night scenes
In this part of the survey, respondents scored 60 images.
Images 1 to 40 are day scenes, and images 41 to 60 are night scenes.
Statistics show that the day scenes' comfort score, interest score or average total
score is 0.5 points higher than the night scenes.
Comfort Interest Overall
4.69
4.57
4.63
Day scenes
4.19
4.14
4.16
Night scenes
Table 1 Day/night scenes scores

Apply the one-way analysis of variance (ANOVA) to determine whether there
are any statistically significant differences between the score of day scenes and
night scenes. From the table, the significance of comfort is 0.181 and the
significance of interest is 0.315, which are both exceed 0.05. So the difference of
day scenes or night scenes is not significant.
ANOVA
Comfort
Sum of squares

df

Mean Square

3.350

1

3.350

Within Groups

105.765

58

1.824

Total

109.115

59

Between Groups

F
1.837

Sig.
.181

Table 2 ANOVA of comfort level
ANOVA
Interest
Sum of squares

df

Mean Square

2.440

1

2.440

Within Groups

137.708

58

2.374

Total

140.148

59

Between Groups

Table 3 ANOVA of interest level

30

F
1.028

Sig.
.315
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4.2.2. Relationship between comfort level and interest level

Figure 13 Scatter plot of comfort and interest level

To investigate whether there is a linear correlation between the comfort level
and the interest level. The scores of the 60 sets of images obtained from the
survey were imported into SPSS for analysis. From the above results scatter plot,
it can be seen that there is a linear relationship between the comfort level and the
interest level in this study. It also suggests that the linear relationship between
them is positive, that is, the interest level (Y) increases as the comfort level (X)
increases.
This table provides the R and R²values. The R value represents the simple
correlation and is 0.973 (the "R" Column), which indicates a high degree of
correlation. The R²value (the "R Square" column) indicates how much of the
total variation in the dependent variable, Interest level, can be explained by the
independent variable, comfort level. In this case, 94.7% can be explained, which
is very large.
Model Summary
Model

1

R

R Square

.973a

.947
31

Adjusted R

Std. Error of the

Square

Estimate
.946

.35831
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a. Predictors：（Constant), Comfort

Table 4 Model summary of comfort and interest level
Coefficients a
Model

Unstandardized

standardized

Coefficients

Coefficients

B
1

（Constant）
Comfort

Std. Error
-.563

.162

1.103

.034

T

Sig.

Beta

.973

-3.477

.001

32.150

.000

a. Dependent Variable: Interest

Table 5 Coefficients of comfort and interest level

The Coefficients table provides us with the necessary information to predict
interest level from comfort level, as well as determine whether comfort level
contributes statistically significantly to the model (by looking at the "Sig." column).
In this case, the Sig. is 0.001<0.05, which means comfort level and interest level
have significant relations. Furthermore, we can use the values in the "B" column
under the "Unstandardized Coefficients" column to present the regression
equation as:
Interest level = -0.563+1.103 comfort level
4.2.3. Streets chosen most for highest comfort levels
The following table shows the five images with the highest score in comfort,
in the order of image 27, image 1, image 23, image 34 and image 47. See the
appendix for detailed scores.

Rank
1
2
3
4
5

Highest comfort level
Scenes
Image 27
Image 1
Image 23
Image 34
Image 47

Average
8.26
7.71
7.58
7.45
6.82

Table 6 Highest comfort level

1(Anxious)
2

Percentage
Amount
Percentage
Amount

Image 27 Image 1
Image 23 Image 34 Image 47
0.00%
0.00%
0.00%
0.00%
0.00%
0
0
0
0
0
0.00%
0.00%
0.00%
0.00%
0.00%
0
0
0
0
0
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3
4
5
6
7
8
9(Relaxed)
Total
Average

Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount

0.00%
0
0.00%
0
0.00%
0
5.26%
2
15.79%
6
26.32%
10
52.63%
20
38
8.26

0.00%
0
2.63%
1
0.00%
0
15.79%
6
18.42%
7
31.58%
12
31.58%
12
38
7.71

5.26%
2
0.00%
0
2.63%
1
5.26%
2
23.68%
9
36.84%
14
26.32%
10
38
7.58

0.00%
0
0.00%
0
2.63%
1
13.16%
5
39.47%
15
26.32%
10
18.42%
7
38
7.45

2.63%
1
5.26%
2
15.79%
6
10.53%
4
28.95%
11
23.68%
9
13.16%
5
38
6.82

Table 7 Scoring of highest comfort level images

Out of 38 response, 20 of them scored 9 for image27, accounting for 52.63%.
While 10 respondents gave this image 8 points, accounting for 26.32%.
Respondents who scored 8 and 9 for image 27 were close to 80%. The comfort
level score for image 27 was the highest of all images, at 8.26 points. 12
respondents rated image 1 with 8 points and 9 points, accounting for 31.58%.
Scores of more than 8 points (including 8 points) for the image also exceeded
60%. Image 1 has an average score of 7.71, the second highest. Out of 38
response, 10 of them scored 9 for image 23, accounting for 26.32%. 14 of them
scored 8 point, accounting for 36.84%. Nearly 55% of respondents rated the
image higher than 8 points (including 8 points). Image 23 has an average score
of 7.58. As for image 34, 7 respondents scored it 9 point, accounting for 18.42%.
While 10 of them rated it with 8 point, accounting for 26.32%. Majority of them
scored it 7 point, 15 out of 38 respondents, accounting for 39.47%. The average
scored for image 34 was 7.45. The above four images had a comfort level with
an average score of more than 7 points among all the images. Image 47 had an
average score at 6.82. Out of 38 respondents, 5 of them scored it 9 point,
accounting for 13.16%. 9 of them scored it 8 point, accounting for 23.68%. While
11 of them scored it 7 point, accounting for 28.95%. Image 47 was the highest
comfort level among night scenes.
In these scenes, the proportion of sidewalk has exceeded 0.33. In images 34
and 47, the proportion of sidewalk even reached 1, that is, all are pedestrian
walkways, and no vehicles are allowed to pass. Image 27, image 1, image 34,
image 47 had courtyard or plaza, which made people gather around. Outdoor
dining appeared in image 23, image 34 and image 47. The active use of the
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street were more than 0.8 among image 27, image 1, image 23 and image 34.

Figure 14 Highest comfort level images

4.2.4. Streets chosen most for lowest comfort levels
The following table shows the five images with the lowest score in comfort, in
the order of image 9, image 55, image 7, image 31 and image 45. See the
appendix for detailed scores.
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Lowest comfort level
Scenes
Image 9
Image 55
Image 7
Image 31
Image 45

Rank
1
2
3
4
5

Average
2.45
2.5
2.58
2.63
2.68

Table 8 Lowest comfort level

1(Anxious)
2
3
4
5
6
7
8
9(Relaxed)
Total
Average

Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount

Image 9 Image 55
Image 7 Image 31 Image 45
21.05%
23.68% 23.68%
18.42%
13.16%
8
9
9
7
5
42.11%
39.47% 31.58%
31.58%
44.74%
16
15
12
12
17
23.68%
18.42% 28.95%
31.58%
15.79%
9
7
11
12
6
5.26%
13.16%
5.26%
5.26%
15.79%
2
5
2
2
6
2.63%
0.00%
2.63%
13.16%
7.89%
1
0
1
5
3
2.63%
2.63%
5.26%
0.00%
2.63%
1
1
2
0
1
2.63%
0.00%
2.63%
0.00%
0.00%
1
0
1
0
0
0.00%
0.00%
0.00%
0.00%
0.00%
0
0
0
0
0
0.00%
2.63%
0.00%
0.00%
0.00%
0
1
0
0
0
38
38
38
38
38
2.45
2.5
2.58
2.63
2.68

Table 9 Scoring of lowest comfort level images

Out of 38 response, 8 of them scored 1 for image 9, accounting for 21.05%.
While 16 respondents gave this image 2 points, accounting for 42.11%.
Respondents who scored 1 and 2 for image 9 exceed 60%. The comfort level
score for image 9 was the lowest of all images, at 2.45 points. 9 of 38
respondents rated image 55 with 1 points, accounting for 23.68%. While 15 of
them scored it 2 point, accounting for 39.47%. Scores of less than 2 point
(including 2 point) for the image also exceeded 60%. Image 55 has an average
score of 2.50, the second lowest. Out of 38 response, 9 of them scored 1 for
image 7, accounting for 23.68%. 12 of them scored 2 point, accounting for
31.58%. Nearly 55% of respondents rated the image lower than 2 points
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(including 2 point). Image 7 has an average score of 2.58. As for image 31, 7
respondents scored it 1 point, accounting for 18.42%. While 12 of them rated it
with 2 point, accounting for 31.58%. Also, 12 of them rated it with 3 point,
accounting for 31.58%. More than 50% respondents scored image 31 lower than
2 point (including 2 point). The average scored for image 31 was 2.63. Image 45
had an average score at 2.68. Out of 38 respondents, 5 of them scored it 1 point,
accounting for 13.16%. 17 of them scored it 2 point, accounting for 44.74%.
While 6 of them scored it 3 point and 4 point, accounting for 15.79%.
In these scenes, the proportion of sidewalks is relatively low, no more than
0.25. Because the walking ability of the elderly declined, and the existing urban
environment is usually designed for healthy adults, the accessibility of the streets
for the elderly pedestrians is seriously lacking. Narrow sidewalks, steep slopes
and ladders, imperfect barrier-free facilities and parked vehicles at the roadside
have seriously hindered the passage of the elderly, and inconvenient crossing
facilities are also one of the important factors that weaken accessibility. None of
them had courtyard or plaza in the scene. None of them had outdoor dining. The
proportion of sky ahead in image 9, image 55 and image 31 were 0.5, which
meant that the proportion of the sky in the pedestrian's sight is large. The
proportion of active use in image 55 was 0.2, which was significantly lower than
other scene.

Figure 15 Lowest interest level images
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4.2.5. Streets chosen most highest interest levels
The following table shows the five images with the highest score in interest,
in the order of image 27, image 1, image 23, image 34 and image 47. See the
appendix for detailed scores.
Highest interest level
Scenes
Average
Rank
Image 27
8.24
1
Image 1
7.58
2
Image 23
7.58
3
Image 34
7.55
4
Image 47
7.05
5
Table 10 Highest interest level

1(Not at all)
2
3
4
5
6
7
8
9(Very much
so)
Total
Weighted
Average

Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount

Image
Image 1
Image
Image 34 Image
27
23
47
0.00%
0.00%
0.00%
0.00%
0.00%
0
0
0
0
0
0.00%
0.00%
0.00%
0.00%
0.00%
0
0
0
0
0
2.63%
0.00%
0.00%
0.00%
0.00%
1
0
0
0
0
0.00%
2.63%
5.26%
2.63%
5.26%
0
1
2
1
2
2.63%
0.00%
2.63%
2.63% 13.16%
1
0
1
1
5
2.63%
15.79% 10.53%
13.16% 13.16%
1
6
4
5
5
10.53%
26.32% 23.68%
23.68% 23.68%
4
10
9
9
9
21.05%
28.95% 26.32%
34.21% 28.95%
8
11
10
13
11
60.53%
26.32% 31.58%
23.68% 15.79%
23
10
12
9
6
38
38
38
38
38
8.24
7.58
7.58
7.55
7.05

Table 11 Scoring of highest interest level images

Out of 38 response, 23 of them scored 9 for image27, accounting for 60.53%.
While 8 respondents gave this image 8 points, accounting for 21.05%.
Respondents who scored 8 and 9 for image 27 were more than 80%. The
interest level score for image 27 was the highest of all images, at 8.24 points. 10
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respondents rated image 1 with 8 points, accounting for 26.32%. While 11 of
them scored it 8 point, accounting for 28.95%. Scores of more than 8 points
(including 8 points) for the image was more than 55%. Image 1 has an average
score of 7.58, the second highest. Image 23 also has an average score of 7.58.
Out of 38 response, 12 of them scored 9 for image 23, accounting for 31.58%. 10
of them scored 8 point, accounting for 26.32%. More than 55% of respondents
rated the image higher than 8 points (including 8 points). As for image 34, 9
respondents scored it 9 point, accounting for 23.68%. While 13 of them rated it
with 8 point, accounting for 26.32%. Majority of them scored it 7 point, 15 out of
38 respondents, accounting for 34.21%. The average scored for image 34 was
7.55. Image 47 had an average score at 7.05. Out of 38 respondents, 6 of them
scored it 9 point, accounting for 15.79%. 11 of them scored it 8 point, accounting
for 28.95%. While 9 of them scored it 7 point, accounting for 23.68%. Image 47
was the highest interest level among night scenes. The above five images had
an interest level with an average score of more than 7 points among all the
images.
The five images with the highest score in the interest level were also the five
images with the highest score at the comfort level. This also confirms the
correlation between the comfort level and the interest level.

Figure 16 Highest interest level images
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4.2.6. Streets chosen most for lowest interest levels
The following table shows the five images with the lowest score in interest, in
the order of image 55, image 28, image 7, image 31 and image 9. See the
appendix for detailed scores.
Lowest interest level
Rank
Scenes
Average
Image 55
1.89
1
Image 28
2
2
Image 7
2.05
3
Image 31
2.08
4
Image 9
2.13
5
Table 12 Lowest interest level

1(Not at all)
2
3
4
5
6
7
8
9(Very much
so)
Total
Weighted
Average

Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount
Percentage
Amount

Image 55

Image 28

39.47%
15
42.11%
16
7.89%
3
10.53%
4
0.00%
0
0.00%
0
0.00%
0
0.00%
0
0.00%
0
38
1.89

36.84%
14
36.84%
14
21.05%
8
2.63%
1
0.00%
0
2.63%
1
0.00%
0
0.00%
0
0.00%
0
38
2

Image
Image
Image 9
7
31
42.11% 26.32%
34.21%
16
10
13
34.21% 47.37%
44.74%
13
18
17
15.79% 21.05%
7.89%
6
8
3
2.63%
2.63%
7.89%
1
1
3
0.00%
2.63%
0.00%
0
1
0
0.00%
0.00%
2.63%
0
0
1
5.26%
0.00%
2.63%
2
0
1
0.00%
0.00%
0.00%
0
0
0
0.00%
0.00%
0.00%
0
0
0
38
38
38
2.05
2.08
2.13

Table 13 Scoring of lowest interest level

Out of 38 response, 15 of them scored 1 for image 55, accounting for
39.47%. While 16 respondents gave this image 2 points, accounting for 42.11%.
Respondents who scored 1 and 2 for image 9 exceed 80%. The interest level
score for image 55 was the lowest of all images, at 1.89 points. 14 of 38
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respondents rated image 28 with 1 points, accounting for 36.84%. While 14 of
them scored it 2 point, accounting for 36.84%. Scores of less than 2 point
(including 2 point) for the image also exceeded 70%. Image 28 has an average
score of 2.00, the second lowest. Out of 38 response, 16 of them scored 1 for
image 7, accounting for 42.11%. 12 of them scored 2 point, accounting for
31.58%. More than 75% of respondents rated the image lower than 2 points
(including 2 point). Image 7 has an average score of 2.05. As for image 31, 10
respondents scored it 1 point, accounting for 26.32%. While 18 of them rated it
with 2 point, accounting for 43.37%. Also, 8 of them rated it with 3 point,
accounting for 21.05%. More than 70% respondents scored image 31 lower than
2 point (including 2 point). The average scored for image 31 was 2.08. Image 9
had an average score at 2.13. Out of 38 respondents, 13 of them scored it 1
point, accounting for 34.21%. 17 of them scored it 2 point, accounting for
44.74%. While 3 of them scored it 3 point and 4 point, accounting for 7.89%.
More than 75% respondents scored it lower than 2 point (including 2 point).
In these scenes, the proportion of sidewalks is relatively low, no more than
0.25. Because the walking ability of the elderly declined, and the existing urban
environment is usually designed for healthy adults, the accessibility of the streets
for the elderly pedestrians is seriously lacking. Image 55, image 9, image 7 and
image 31 were also scored the lowest in comfort level. None of these five scenes
included outdoor dining. The proportion of sky ahead in these scenes were more
than 0.4.

Figure 17 Lowest interest level images
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4.3. Discussion
4.3.1. Correlation of comfort level
To figure out whether there is a statistically significant relationship between
comfort level and each streetscape feature, employ the comfort level score and
component analysis into SPSS. A Pearson product-moment correlation coefficient
was computed to assess the relationship between the comfort level and each
streetscape feature. Pearson r correlation is a bivariate measure of association of
the relationship between two variables. Correlation coefficients, r, vary from 0 (no
relationship) to 1 (perfect linear relationship) or -1 (perfect negative linear
relationship). Positive coefficients indicate a direct relationship, indicating that as
one variable increases, the other variable also increases. Negative correlation
coefficients indicate an indirect relationship, indicating that as one variable
increases, the other variable decreases. Cohen’s standard will be used to evaluate
the correlation coefficient, where 0.10 to 0.29 represents a weak association
between the two variables, 0.30 to 0.49 represents a moderate association, and
0.50 or larger represents a strong association.
There was a weak positive correlation between the comfort level and
sidewalk width, r =0.275, n =60, p = 0.033. Increases in sidewalk width were
correlated with increases in comfort level.
There was a moderate positive correlation between the comfort level and
proportion of sidewalk, r =0.318, n =60, p = 0.013. Increases in the proportion of
sidewalk were correlated with increases in comfort level.
There was a moderate positive correlation between the comfort level and
courtyards/plazas/parks, r =0.336, n =60, p = 0.009. Increases in
courtyards/plazas/parks were correlated with increases in comfort level.
There was a moderate positive correlation between the comfort level and
outdoor dining, r =0.427, n =60, p = 0.001. Increases in outdoor dining were
correlated with increases in comfort level.
There was a moderate positive correlation between the comfort level and
proportion of street wall, r =0.264, n =60, p = 0.042. Increases in buildings with
proportion of street wall were correlated with increases in comfort level.
There was a moderate negative correlation between the comfort level and
proportion of sky ahead, r =-0.388- n =60, p = 0.002. Increases in proportion of
sky ahead were correlated with decreases in comfort level.
There was a moderate positive correlation between the comfort level and all
street furniture and other street items, r =0.294, n =60, p = 0.022. Increases in all
street furniture and other street items were correlated with increases in comfort
level.
There was a moderate positive correlation between the comfort level and
building height, r =0.379, n =60, p = 0.003. Increases in building height were
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correlated with increases in comfort level.
There was a moderate positive correlation between the comfort level and
proportion of same height building, r =0.280, n =60, p = 0.030. Increases in
proportion of same height building were correlated with increases in comfort
level.
There was a moderate positive correlation between the comfort level and
proportion of tree canopy, r =0.281, n =60, p = 0.030. Increases in proportion of
tree canopy were correlated with increases in comfort level.
There was a moderate positive correlation between the comfort level and
proportion of active uses, r =0.349, n =60, p = 0.006. Increases in proportion of
active uses were correlated with increases in comfort level.
The correlation of each streetscape feature to the comfort level is ranked
from high to low, in order: outdoor dining, proportion of sky ahead, building
height, proportion of active use, courtyards/plazas/parks, proportion of sidewalk,
all street furniture and other street items, proportion of tree canopy, proportion of
same height building, sidewalk width, proportion of street wall.
Comfort Correlation
Pearson Correlation

Comfort

1

Sig. (2-tailed)
N
Street width

Pearson Correlation

.067

Sig. (2-tailed)

.610

N
Sidewalk width

.275*

Sig. (2-tailed)

.033

.318*

Sig. (2-tailed)

.013

.007

Sig. (2-tailed)

.958

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation

Outdoor dining
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60

Pearson Correlation

N
Courtyards/plazas/parks

60

Pearson Correlation

N
Proportion of historic buildings

60

Pearson Correlation

N
Proportion of sidewalk

60

60
.336**
.009
60
.427**
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Sig. (2-tailed)
N
Buildings with nonrectangular silhouettes

.006

Sig. (2-tailed)

.966

Pearson Correlation
Sig. (2-tailed)
N

Buildings with identifiers

.264*

Sig. (2-tailed)

.042

60

.022
60

Pearson Correlation

.198

Sig. (2-tailed)

.130

Sig. (2-tailed)
N

60
.379**
.003
60

Pearson Correlation

.280*

Sig. (2-tailed)

.030

N

60

Pearson Correlation

.063

Sig. (2-tailed)

.632

N

60

Pearson Correlation

.281*

Sig. (2-tailed)

.030

N
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.002

Sig. (2-tailed)

Pearson Correlation

Proportion of tree canopy

-.388**

.294*

N

Small planter

60

Pearson Correlation

N

Proportion of same height Building

60

Pearson Correlation

N

Building height

60

.471

Sig. (2-tailed)

Proportion of first floor with windows

.910

Sig. (2-tailed)

Pearson Correlation

All street furniture and other street items

-.015

.095

N
Proportion of sky ahead

60

Pearson Correlation

N
Proportion of street wall

60

Pearson Correlation

N
Major landscape features

.001
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Pearson Correlation

Proportion of active uses

Sig. (2-tailed)
N
Pearson Correlation

Number of buildings

Sig. (2-tailed)
N
Pearson Correlation

Dominant building colors

Sig. (2-tailed)
N
Accent colors

60
-.041
.754
60
-.149
.256
60
.182

Sig. (2-tailed)

.165
60

Pearson Correlation

.076

Sig. (2-tailed)

.562

N
Day/Night

.006

Pearson Correlation

N
Public art

.349**

60

Pearson Correlation

.175

Sig. (2-tailed)

.181

N

60

Table 14 Comfort correlation

4.3.2. Correlation of interest level
Use the same evaluation criteria to figure out whether there is a statistically
significant relationship between interest level and each streetscape feature,
employ the interest level score and component analysis into SPSS. A Pearson
product-moment correlation coefficient was computed to assess the relationship
between the interest level and each streetscape feature. Pearson r correlation is
a bivariate measure of association (strength) of the relationship between two
variables. Correlation coefficients, r, vary from 0 (no relationship) to 1 (perfect
linear relationship) or -1 (perfect negative linear relationship). Positive coefficients
indicate a direct relationship, indicating that as one variable increases, the other
variable also increases. Negative correlation coefficients indicate an indirect
relationship, indicating that as one variable increases, the other variable
decreases. Cohen’s standard will be used to evaluate the correlation coefficient,
where 0.10 to 0.29 represents a weak association between the two variables,
0.30 to 0.49 represents a moderate association, and 0.50 or larger represents a
strong association.
There was a moderate positive correlation between the interest level and
sidewalk width, r =0.308, n =60, p = 0.017. Increases in sidewalk width were
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correlated with increases in interest level.
There was a moderate positive correlation between the interest level and
proportion of sidewalk, r =0.372, n =60, p = 0.003. Increases in the proportion of
sidewalk were correlated with increases in interest level.
There was a moderate positive correlation between the interest level and
courtyards/plazas/parks, r =0.386, n =60, p = 0.002. Increases in
courtyards/plazas/parks were correlated with increases in interest level.
There was a moderate positive correlation between the interest level and
outdoor dining, r =0.438, n =60, p = 0.0004. Increases in outdoor dining were
correlated with increases in interest level.
There was a moderate positive correlation between the interest level and
proportion of street wall, r =0.318, n =60, p = 0.013. Increases in buildings with
proportion of street wall were correlated with increases in interest level.
There was a moderate negative correlation between the interest level and
proportion of sky ahead, r =-0.452- n =60, p = 0.0002. Increases in proportion of
sky ahead were correlated with decreases in interest level.
There was a moderate positive correlation between the interest level and all
street furniture and other street items, r =0.311, n =60, p = 0.016. Increases in all
street furniture and other street items were correlated with increases in interest
level.
There was a weak positive correlation between the interest level and
proportion of first floor with windows, r =0.251, n =60, p = 0.053. Increases in all
street furniture and other street items were correlated with increases in interest
level.
There was a moderate positive correlation between the interest level and
building height, r =0.421, n =60, p = 0.001. Increases in building height were
correlated with increases in interest level.
There was a moderate positive correlation between the interest level and
proportion of active uses, r =0.447, n =60, p = 0.0003. Increases in proportion of
active uses were correlated with increases in interest level.
There was a moderate positive correlation between the interest level and
accent colors, r =0.281, n =60, p = 0.030. Increases in accent colors were
correlated with increases in interest level.
The correlation of each streetscape feature to the interest level is ranked
from high to low, in order: proportion of sky ahead, proportion of active use,
outdoor dining, building height, courtyards/plazas/parks, proportion of sidewalk,
proportion of street wall, all street furniture and other street items, sidewalk width,
accent colors, proportion of first floor with windows.
Interest Correlation
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Pearson Correlation

Interest

1

Sig. (2-tailed)
N
Street width

Pearson Correlation

.033

Sig. (2-tailed)

.800

N
Sidewalk width

.308*

Sig. (2-tailed)

.017

Pearson Correlation

Sig. (2-tailed)
N
Proportion of historic buildings

Pearson Correlation

Sig. (2-tailed)
N

60
.386**

.002
60
.438**

.000
60

Pearson Correlation

.060

Sig. (2-tailed)

.646

N
Pearson Correlation

Sig. (2-tailed)
N
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60

.757

N

Major landscape features

.003

Sig. (2-tailed)

Sig. (2-tailed)

Buildings with nonrectangular silhouettes

.372**

.041

Pearson Correlation

Outdoor dining

60

Pearson Correlation

N
Courtyards/plazas/parks

60

Pearson Correlation

N
Proportion of sidewalk

60

60
-.051

.698
60
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Buildings with identifiers

Pearson Correlation

.189

Sig. (2-tailed)

.148

N
Proportion of street wall

Pearson Correlation

.318*

Sig. (2-tailed)

.013

N
Pearson Correlation

Proportion of sky ahead

Sig. (2-tailed)
N
All street furniture and other street items

.251

Sig. (2-tailed)

.053
60
.421**

.001
60

Pearson Correlation

.238

Sig. (2-tailed)

.067

N

60

Pearson Correlation

.024

Sig. (2-tailed)

.854

N

60

Pearson Correlation

.195

Sig. (2-tailed)

.136

N
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60

Pearson Correlation

N

Proportion of tree canopy

60

.016

Sig. (2-tailed)

Small planter

.000

Sig. (2-tailed)

Pearson Correlation

Proportion of same height Building

-.452**

.311*

N
Building height

60

Pearson Correlation

N
Proportion of first floor with windows

60

60
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Pearson Correlation

Proportion of active uses

Sig. (2-tailed)
N
Pearson Correlation

Number of buildings

Sig. (2-tailed)
N
Pearson Correlation

Dominant building colors

Sig. (2-tailed)
N
Accent colors

60
-.024

.858
60
-.122

.353
60
.281*

Sig. (2-tailed)

.030
60

Pearson Correlation

.167

Sig. (2-tailed)

.202

N
Day/Night

.000

Pearson Correlation

N
Public art

.447**

60

Pearson Correlation

.132

Sig. (2-tailed)

.315

N

60

Table 15 Interest correlation

Discussion
Through observation, we can find the following rules: Firstly, some
streetscape features which have no obvious influence on comfort or interest level
are found in the analysis. For instance, the proportion of first floor with window,
number of buildings, major landscape features, proportion of historic buildings,
and buildings with nonrectangular silhouettes. However, the proportion of the first
floor with window did not show high relationship with interest level, which was a
surprising finding. Secondly, some of the streetscape features that affect comfort
level in predictions do not show high correlation. For instance, sidewalk width has
only a moderate correlation with comfort, which indicates that whether it is
comfortable or not is also affected by other factors. Similarly, the proportion of
street wall and the comfort level did not show a high correlation. The analysis is
based on the fact that the street wall is also affected by greening, structures, and
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so on, so it cannot be judged by a single indicator. Thirdly, buildings with
nonrectangular silhouettes also have no significant correlation with the interest
level, which indicates that the shape of the building is not the only determinant,
and the shape design and positioning of the building itself also affects the use
and perception of street space. Similarly, there is no significant correlation
between small planter and interest level.
There were still some related relationships that cannot be explained. For
example, the building height is highly correlated with the street's interest level. The
direct cause of the higher level of the street interest is not because the building is
relatively high, but may be influenced by other factors, and the height of the
building may be the condition for carrying these factors.
The above mentioned a significant positive correlation between the comfort
level and the interest level. From this section, it can be seen that the streetscape
features that contribute much more to the comfort level and the interest level are
similar. They are proportion of sky ahead, proportion of active use, outdoor dining,
building height, courtyards/plazas/parks, proportion of sidewalk, proportion of
street wall, all street furniture and other street items, sidewalk width, accent colors,
proportion of first floor with windows.
4.3.3. Discussion on survey questionnaire
Comfort
The comfort of the elderly is mainly based on the time of travel. Seniors
regard shopping as a type of physical exercise, and their evaluation of physical
exercise related to time and distance. In the process of walking to shop, including
the two parts: exercise and shopping, in general, the shopping takes up most of
the time, while the time spent on the road is relatively short. In addition, the
mobility on the walking path is also an important factor affecting their comfort.
The current situation is that the pedestrian walkway is mostly occupied by other
debris, which seriously affects the comfort of travel.
Legible road signs, spacious sidewalks, and a quiet walking environment
could increase the comfort of the elderly. Accessible local parks and related
leisure facilities are also major pedestrian destinations for the elderly.
Commercial facilities such as restaurants and cafes on both sides of the road are
also attractive to the elderly.
Legible
Seniors would choose more convenient routes to travel on foot. Their
measure of convenience is not only considering the distance and route, but also
considering the situation of the path, such as the condition of the sidewalk,
whether the route is too roundabout, and so on. There is another aspect that
reflects the need of seniors to walk conveniently, that is, the diversity of travel
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routes. It is beneficial for seniors when the travel route between the travel
destination and the place of residence can form a loop. Enough activity facilities
on the route also enrich the travel of the elderly.
The survey also showed that older people tend to choose a simpler route,
because the “path” lacks obvious signs and the elderly are more likely to confuse
the direction. In a pedestrian environment with a complicated spatial layout, it is
necessary to set up identification facilities at appropriate locations. For special
groups such as the elderly, the identification of living spaces is particularly
important. Therefore, a certain guiding system is indispensable in road design,
which not only facilitates the travel of local residents, but also brings convenience
to outsiders.
Safety
The findings show that safety is the most important need of the elderly. The
main threats come from urban traffic problems caused by rapid motorization. At
the same time, the self-defense of crimes is also mentioned in the survey. In the
experience of the elderly during the walking process, due to the increase of traffic
volume and the speed of the car, most elderly people think that the safety of
walking is lower than before. Intersections are prone to conflict with vehicles,
which can easily frighten the elderly. Some elderly people mentioned safety
concerns regarding community roads and alleys, which generally lack lighting
and sidewalks and the speed of vehicles is faster. The vehicles that appear here
are not psychologically wary of the elderly. Moreover, it takes a long time for
elderly to identify the vehicle and make correct judgments. Seniors react slowly
when avoiding dangerous situations. Therefore, once the situation occurs, traffic
accidents are very easy to occur.
Interest
In the process of walking, the emergence of commercial facilities, local parks
and other functional spaces will increase their appeal to the elderly, and can
induce other behaviors. Elderly tend to walk together and think that
communication is a psychological need in their walking process. Their passive
participation in various environments can bring about spiritual relaxation.
4.3.4. Discussion on visual preference survey
Lighting
Respondents indicated that the elderly's physical functions and the decline in
physical fitness make safety a factor that the elderly value. They tended to avoid
night trips or prefer to have sufficient lighting to ensure their safety when walking
at night. Meanwhile, the deteriorating physical quality makes the elderly have to
pay attention to accidents such as falling. Thus, the friendly light environment at
50

Inventory of aging-friendly pedestrian environment

night is good for reducing the anxiety of the elderly, and alleviating the anxiety and
tension, which is the requirements for the pedestrian environment.
Some respondents indicated that due to the decline in visual acuity, the
decline in color ability, the decrease in visual acuity, and the long-term adaptation
time of light and dark, it is difficult for the elderly to walk in a dark environment.
The demand for social infrastructure construction will also become higher. The
elderly have daily travel needs, we must ensure that the elderly can identify
pedestrians, obstacles on the road, and pits on the road in order to ensure the
convenience of travel; secondly, the elderly also have the need to do outdoor
activities at night. Also, elderly need to travel at night, but the corresponding
conditions cannot keep up, leading to anxiety and tension in the process of
activities, the elderly will reduce night activities. To create a good night pedestrian
environment, the key is to choose the light source, the arrangement of lightings
to meet the needs of the elderly, so that the elderly feel the psychological and
physiological comfort.
Highest comfort level
There are several reasons why this type of scene is liked by the elderly. The
sidewalk width can effectively avoid vehicle interference. Traffic accidents are
more likely to occur in streets with faster speeds and higher traffic volumes, thus
seriously affecting the safety of the elderly while walking. Although it is difficult to
control the traffic volume, the width of the sidewalk ensures the smoothness of
passing. And the relationship between the traffic and the pedestrians is
reasonably organized. At the same time, all safety hazards on the sidewalk
should be ruled out to prevent the elderly from wrestling due to environmental
reasons. Narrow and crowded sidewalks can hinder the walking of the elderly.
Therefore, on the one hand, accessible streets should ensure a wide enough
sidewalk width to avoid obstacles such as parked vehicles, and on the other
hand, they should provide multiple routes for people with larger traffic, so as to
avoid congestion.
Courtyards, plazas, parks, and street furniture and other street items
contributed to comfort in these cases. Comfort refers to that pedestrians do not
feel physical or mental discomfort when using the street, including suitable
spatial scale, good street landscape, quiet and clean environment, street trees
that can shelter from rain, resting and communicating space, convenient public
facilities and so on. Kindness and sense of belonging can make people feel
relaxed and happy, thus improving comfort. Any interference factor may affect the
comfort of pedestrian space, and each individual's feeling of comfort is also
different. Elderly who are prone to fatigue need plenty of facilities to rest during
the walking, including formal seating and informal rest spaces, such as sitting
facilities or pillars that can be docked. These facilities should be comfortable and
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easy to use, and not sloppy because they are inhuman.
Information such as buildings with identifiers can help elderly to confirm
where they are and the route they take, and it has an important role to play in
preventing lost. Therefore, the design and setting of the logo should fully
consider the understanding and visual characteristics of the elderly, and form a
clear and easy to understand sign system.
Outdoor dining plays an important role in creating an atmosphere of the
street. Elderly prefer to stroll along the sidewalk and visit the shops or
restaurants on the side of the road. The small planter set on the sidewalk not
only prevents the vehicle from parking, but also ensures the passage space in
front of the store. At the same time, it can provide the rest seat for the elderly and
become a place for the elderly to gather, making the originally deserted street
friendly and friendly.
The wide sidewalks and the excellent landscape configuration on the
sidewalks are the key reasons for the formation of clean and tidy positive images.
The outdoor dinning and street furniture bring vitality, interest and modernity to
the street, and become an important symbol of the street, creating a unique
architectural landscape for the street, and increasing the recognition of the street.
The courtyards or plazas on both sides of the street provide space for elderly
pedestrians to stay. The plazas can accommodate residents to participate in
fitness and other activities. The courtyard on the street can accommodate
pedestrians to have a rest under tree canopy.
Lowest comfort level
Too many vehicles on the road make the elderly pedestrians feel disgusted.
Also it has a certain impact on the convenience of crossing the street. At the
same time, the width of the sidewalk is small, which makes it inconvenient for the
elderly to pass. Crowded streets and busy traffic will make the elderly feel
uncomfortable. The lack of rest facilities affects the comfort of walking, which will
greatly reduce the frequency of walking for the elderly. Older people feel
uncomfortable with these streets because they bring many obstacles to their
comfortable walking. Some of them have inconvenient facilities, some have
uneven or steep pavements, some have dim street lights, lack of seats and
squares, and so on.
As there is little rest and activity space for the elderly pedestrians such as
courtyard, and no seats or small planters on the roadside, resulting in dull
pedestrian space. Streets lack the space to stay, so they cannot accommodate
diversified street activities to attract pedestrians. In addition, the low proportion of
active uses along the street and the lack of commerce or outdoor dining make
the street unpopular in elderly. Street trees on both sides of the street are
basically low. In the summer high temperature climate, the elderly walking in the
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unshielded street environment will be uncomfortable.
Building with identifiers and other destinations are too far away, and the lack
of public facilities and rest seats on the way has caused great inconvenience to
their travel.
Historic buildings and buildings with nonrectangular silhouettes can create a
unique street view, which is conducive to elderly pedestrians to identify
environmental characteristics. This makes the elderly clear where they are and
reduces the chance of getting lost. For example, buildings with identifiers,
landmark landscapes, distinctive street corners and diversified open spaces are
easy to identify and remember, and can also become the joy of walking for the
elderly.
Highest interest level
For the elderly, an interesting street not only has the function of
transportation, but also is an important place to participate in public life.
Participatory street space is attractive and communicative to elderly. It can
provide outdoor places for spontaneous activities, such as talking with
acquaintances, walking with peers, watching roadside performances, and have
outdoor dining. It can improve the sense of self-existence of the elderly by
participating in these activities, and increase the sense of belonging of the street
through interaction with the environment.
All street furniture and other street items and active uses of the street make
the street space various. The various street space can provide a variety of space
options to meet the different needs of privacy for different activities. For example,
some elderly like quiet, they can choose relatively marginal space to sit, watch,
or talk; some old people like lively, they can choose relatively open space to
group activities.
Architectural interface along the street is the dividing boundary between
street activities and interior activities. High proportion of first floor with windows
can make the interior and exterior space get more perceptual experience, rather
than be clearly divided by a wall. For example, pedestrians can browse the items
in shops along the street through the window, while people in restaurants can
look at passers-by through the glass.
The diversity of environment determines the visual interest. The arrangement
of environment such as type and quantity of buildings, various architectural styles
and elevation decoration, transparency, signs, street furniture and human
activities increases the visual interest. For example, buildings with
nonrectangular silhouettes can improve visual richness. When walking under the
canopy of trees, the light and shadows that permeate them can improve the
interest. Active use of the street can also play a positive role in improving the
interest. The appearance of different types of buildings and shop windows in the
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streets are welcomed by the elderly, which will attract the elderly to walk. Elderly
like to walk in streets with broad vision and weak street closure. In addition,
landscape features such as shrubs, rivers, ponds and fountains on the streets
attract elderly to walk.
Lowest interest level
The wide street and uncharacteristic architectural style make the streetscape
dull and boring. The interface along the street is relatively simple, lacking
characteristic identifiers, thus reducing the street's identification and interest.
Moreover, there are no rest facilities in the scenes that can make people stay,
which makes the walking elderly feel tired and lacks activities to participate.
These scene create a serious lack of street vitality and life, and do not attract the
elderly to stay in the street space. There are many vehicles parked on the side of
the road, causing obstacles to pedestrians, affecting the smoothness of the
sidewalks, and making pedestrian activities impossible.
The large proportion of space occupied by car lanes and the normal
pedestrian space occupied by debris in the streets lead to the restriction of
pedestrian space in some streets and the obstruction and discontinuity of
pedestrian activities. In addition, the disorderly setting of public facilities, the lack
of recreational facilities in pedestrian areas, the lack of tree canopy on sidewalks,
and the poor design quality of urban furniture have all become important factors
affecting the interest of street environment. Some building use fences or wall to
protect privacy and security, which makes the interface form a single and low
proportion of active uses. Long walking distance and lack of change in space
make it unable to carry a variety of public activities, giving people a dull feeling of
walking, resulting in inadequate vitality of the street.
4.3.5. Similar characteristic of the scenes
TYPE 1 (Image1.15.27.31…)
Straight street shape and wide sidewalks help to form a clear sense of direction
in the pedestrian's mind. The wide sidewalk and the excellent landscape
configuration on the sidewalk are the key reasons for the formation of neat, loose,
and distinctive positive images. The presence of commercial activities along the
street brings vitality, fun and modernity to the street. Therefore, it becomes an
important landmark of the street, creating a unique architectural landscape,
increasing the recognition of the street. Pocket parks provide space for elderly
pedestrians to rest. Squares can accommodate residents to participate in fitness
or organize gatherings. Small open spaces on the street can accommodate
pedestrians to rest, etc., increasing the communicability of the streets and fun, thus
improving people's familiarity with the street. These street scenes create a social
community for all age groups including the elderly. Pedestrians preferred the
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straight, wide street because it was comfortable and pleasant, allowing freedom of
movement, while the narrow, winding picturesque street was sometimes judged as
too constricted.

Figure 18 Type 1 images

TYPE 2 (Image 14.24.19...)
As the main road of the city with important traffic functions and high traffic
volume, it will inevitably cause a larger amount of vehicles. It also weakens the
sense of pedestrian safety, and also impacts the convenience of crossing the street.
Although the width is not too wide, the crossing distance of the crosswalk
pedestrian crossing is large, which causes some inconvenience. It lacks most of
the qualities of a walkable neighborhood, and it also had the lowest walking and
transit use. Although sidewalks are present everywhere, streets are too wide, and
traffic is too fast for comfortable walking. There is little transparency and buildings
are large and introverted. Landscaping and street furniture are minimal and there
are few pedestrian crossings. The streets were criticized for lack of spatial
definition, too much traffic, poor maintenance, lack of street life, and large and
monotonous design of newer buildings and shops.

Figure 19 Type 2 images
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TYPE 3 (Image 9.10.28…)
Since there is almost no space for the elderly pedestrians to provide rest and
activities such as street plazas, there are no facilities such as seats or flower beds
on the roadside. Although there are more green spaces, the space is unreachable
and cannot be used by pedestrians, making the streets lack gathering spaces,
which makes it impossible to accommodate a variety of street activities. Coupled
with the monotony of the function of the plot along the street, the underlying shops
are more cluttered and unattractive, making the street more uniform. It also
represents some common problems in such streets, that is, mainly for motor
vehicles and lack of consideration of pedestrian perception.

Figure 20 Type 3 images

TYPE 4 (Image 4.23.38…)
Traditional life-style streets have a strong sense of neighborhood and human
touch. The neighborhood is characterized by walkable, tree lined, small scaled
streets with a Main Street type commercial spine of small shops, cafes, and
services that is well connected with a transit station. People chatted under the
sycamore tree on the sidewalk to pass the time and observe the road. Pedestrians
and vehicles, even though they are crowded and noisy, are still happy to see such
a lively picture. The street is narrow and there are fewer vehicles, so it gives a quiet
and closed environment. Here the architecture, street space, and street life provide
the interest and engage the pedestrian in exploration.

Figure 21 Type 4 images

Main road
The main road has certain similarities in the overall trend of street imagery,
especially in the case of more serious vehicle interference, higher space enclosure,
better sidewalk smoothness, flat road surface, inconvenient crossing, soft light,
noisy, greening. More, with obvious features, a clear sense of direction, and a
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higher degree of continuity. This shows that some of the street features inherent in
urban main roads are difficult to change. Of course, these features have
advantages and disadvantages for the Pacers. On the one hand, the main roads
inevitably need to ensure the traffic of the traffic, so in the traffic flow, lane width
and other aspects of pedestrians such as crossing the street is inconvenient,
insecure, Adverse effects such as noise. Of course, this can be solved by the
design of the street space. On the other hand, the main roads also have
advantages that are unmatched by other levels of streets, such as the degree of
government concern and meticulous construction management because they
represent the image of the city. Therefore, the main roads often create a good
walking environment with good visual landscape, good walking and easy
identification in the green belt design, the wide and flat sidewalk, the overall design
of the building along the street, and the landmark buildings.
Vibrant streets are the difference in vitality caused by the design of the street
itself and the vitality of commercial activities. This image can also be proved from
the degree of convenience of rest. There are a number of large and small squares
along the street, providing the elderly with a number of spaces for rest and leisure
activities, so the popularity can naturally gather in these squares, while also
improving the intimacy and familiarity of the street. On the contrary, the lack of rest
space can make the elderly pedestrians who often need rest and desire outdoor
leisure activities feel boring and boring.
Street
The street space has a poor sense of envelopment, and the obstacles of
walking are more prominent. In summer, the light is more glaring, less green, and
it is inconvenient to rest. The most fundamental reason for these negative images
is the conflict between traffic function and life function and the extreme lack of
street landscape. The sidewalks are intermittent, which makes pedestrians
sometimes have to walk on the roadway and mix with the congested vehicles; the
sidewalks have good continuity, but the randomly parked vehicles cause obstacles
for pedestrians. There is a serious lack of greening facilities in the streets, leaving
no obstructions to the sidewalks. Although it is more laughable than the main road
in the width of the street, the sense of space surrounding is relatively poor, because
there is no street tree to divide the street space. The local government is far less
concerned with the secondary road landscape than the main road. The distance
between the trees is large, and the tree species cannot form a continuous canopy
that can cover the pedestrians and avoid the sun. The landscape setting of the
street becomes a formal existence, and does not really consider the beautification
of the street and the comfort of pedestrians. However, there are still references to
the living atmosphere, and the street shops on these roads are much more intimate.
Therefore, the functional positioning that is consistent with the needs of the main
body of the street is very important. The appropriate choice of the service object
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and the type of business determines the vitality of the street. Therefore, attaching
importance to the role of green landscapes, carefully designing a beautiful and
practical streetscape, providing shelter for pedestrians, while buffering the visual
interference caused by vehicles to pedestrians.
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5.

Conclusion, strategies and future study

The main conclusions of this thesis are as follows:
Building aging-friendly pedestrian environment is an inevitable development
trend in aging society. Urban pedestrian space is the most commonly used
outdoor environment for the elderly, and its design of elderly suitability is
imminent.
The survey results show that the elderly are more concerned about the safety
of the pedestrian environment than the two street characteristic --comfort and
interest. There is a significant positive correlation between the comfort level and
the interest level. The interest level increases as the comfort level increases. The
comfort of the elderly is mainly based on the time of travel. Legible road signs,
spacious sidewalks, and a quiet walking environment could increase the comfort
of the elderly. Elderly would choose more convenient route to travel on foot. In the
process of walking, the emergence of commercial facilities, local parks and other
functional spaces will increase the attractiveness of the elderly, and can induce
other behaviors. The streetscape features that contribute greatly to the comfort
level and the interest level are similar. They are outdoor dining, proportion of sky
ahead, proportion of active use, building height, courtyards/plazas/parks and all
street furniture and other street items, which are the main aspects to improve the
pedestrian environment for elderly. Meanwhile, due to lighting reasons, the
impressions of the day scenes and night scenes among elderly are greatly different.
In terms of the objective material form of streets, the material elements
involved in the design of the elderly-friendly include the road form, the width of
the sidewalk, the building interface, the recreational area, the landscape
environment and the public facilities, thus fully meeting need of safety, comfort
and interest. The types and forms of streets are diverse, and the design of agingfriendly is not a specific street model, but a design goal. Therefore, the design of
the pedestrian environment should be an ongoing design and management
process. The study proposes several streetscapes aspect that is friendly to the
elderly, and then proposes relevant design strategies.

5.1. Limitation of this study
Due to the limited knowledge and research time of the author, the thesis has
many limitation and it is worthy of further study. The main points are as follows:
a) The number of respondents in the survey was insufficient, which resulted
in inaccurate data analysis results, and led to the lack of universal significance of
research results and even some deviations. However, due to the lack of practical
opportunities, it is difficult to apply and test the research results.
b) Due to the regional limitations of the survey samples, in the survey of the
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elderly, there is a lack of research on the impact of different regions and
geographical conditions.
c) Due to the large number of street types, there may be different solutions
and strategies in different situations faced by each street. However, due to the
limitations of the author's knowledge, it is difficult to cover all kinds of design
details and specific measures. So there is still a lot to be discussed in depth.
d) Due to the lack of rigorous setting of the second part of the survey on the
street scene. Or too many street scenes in one questionnaire, the respondents
may not have considered seriously when answering the questions. This makes
the scores of comfort and interest for each street scene similar.
e) Due to the limitations of time and data accessibility conditions, the scope
of the questionnaire is limited. Only the elderly pedestrians over 60 years old who
have the ability to move freely are investigated. It is suggested that in the future,
deeper research should be carried out for the elderly who use crutches and
wheelchairs, and the total number of samples should be enlarged in order to
reflect the reality more truthfully.

5.2. Strategies
5.2.1. Sidewalk
Good sidewalk design needs to meet the following principles: (1) accessible
to all users; (2) sufficient width; (3) sense of safety when using; (4) continuity and
connectivity; (5) landscaping and shading green buffer between passengers and
vehicles; (6) providing social space for people to participate in public life.
In order to build up comfortable walking space, the sidewalk must be wide
enough. Narrow sidewalks with high pedestrian density, people cannot choose
the direction and speed of movement independently. There is basically no
possibility of stopping and resting, elderly can only follow the flow of people
forward. In this case, walking is an unpleasant behavior. Relatively wide
sidewalks allow elderly to choose their own direction and speed of movement, as
well as stop for rest. People do not have to pay too much attention to walking, no
psychological burden, so as to get more energy and mood to appreciate the
landscape and participate in activities.
Increase the width of sidewalk and increase the space for rest and
communication. The results show that the width of sidewalk has a significant
impact on experience of walking, shopping and leisure of the elderly. Increasing
the width of sidewalk is important to promote walking willingness of the elderly.
Wide sidewalk can be decorated with various walking facilities and street
furniture, while providing elderly with space for activities and performances to
increase the interest of walking. Because of characteristics of elderly, they often
need to rest and observe in the walking process, so it is an important strategy to
60

Inventory of aging-friendly pedestrian environment

increase the rest and communication space in the walking environment.
Differentiate between different types of pedestrian traffic. When there are
shops, restaurants, public places or scenery attracting pedestrians on both sides
of the road, pedestrian traffic can be divided into two types: inner fast traffic and
outer slow traffic. In order to avoid the interference between different types of
pedestrian traffic, pedestrians can choose to walk in their own field by dividing
the pavement into different areas. This method has three advantages: (1) It is
beneficial to organize pedestrian traffic and improve traffic efficiency. Pedestrians
go their own ways to reduce mutual interference. (2) Benefiting pedestrian traffic
safety. After dividing the pavement into different areas, people can choose their
own areas to walk, so as to get a sense of belonging and security. (3) Enriching
the sidewalk landscape. By dividing the pavement into different areas, the
monotony of the pavement is avoided, and the pavement has a richer landscape.
5.2.2. Pavement
When selecting pavement materials, try to use materials with smooth
surface, strong water permeability and not easy to slide. At present, many
pavements use stone paving, only pay attention to the pattern and color, but
ignore the slippery weather, and some uneven materials such as gravel and
bricks are not conducive to the elderly using crutches, etc. Hard paving is easy to
cause unnecessary falls in the elderly. Because of the physical condition of the
elderly, sidewalk should avoid height difference. Where there is a change in the
height difference, it is necessary to set up flat steps and ramps. Because elderly
with different physical conditions have different preferences so it is recommended
that ramps and steps should be used in combination where there is a change in
elevation. Steps and ramps can be combined with landscape settings,
accompanied by smooth handrails to ensure that the elderly can pass through.
Non-smooth tread treatment is required. Facilities accessible to the elderly, such
as guardrails and handrails, should prevent sharp and rough parts and scratches.
In addition, rest facilities and decorations of public arts should be arranged on the
sidewalk to enable the elderly to enjoy walking and recover under different
climatic conditions, so that they can walk safely and comfortably.
The functions of the sidewalk include facility area, fast-moving area, slowmoving area, rest area. By dividing the pavement into different areas according
to its function, the chaotic visual environment can be simplified, the pedestrian
traffic can be standardized and the traffic efficiency can be improved. Different
paving materials have different colors and textures, which can be used to
distinguish different areas. However, when the sidewalk is narrow, it is easy to
create a sense of space oppression. Facilities and rest areas may use materials
different from sidewalks. This can make a clear distinction with the sidewalk, and
guide pedestrians to walk inside. When the sidewalk is coplanar with the bicycle
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lane, the bicycle lane can be distinguished by ordinary asphalt or color asphalt
pavement. The asphalt pavement not only has obvious contrast with the
pavement of the pavement, but also provides smooth and comfortable driving
conditions for bicycles.
5.2.3. Buildings
The height control of buildings along the street should vary with the width of
the street in order to ensure the comfortable spatial sense of the street. It will not
weaken the sense of walking because of the large scale, thus increasing the
walking distance of psychological perception.
In the process of walking, people will form a special feeling of the street
through continuous visual perception. The continuous building interface can
strengthen this feeling and make people feel strong sense of direction and
movement. Therefore, the building interface along the street should be as
continuous as possible.
The bottom interface of the building along the street should be as open as
possible, such as using windows or fully open shops along the street, so as to
externalize the internal activities of the building, such as the designed outdoor
dining and leisure areas. To avoid facing the street with large walls at the bottom
of the building and try to increase the proportion of active uses in the street.
Iconic buildings such as buildings with nonrectangular silhouettes and buildings
with identifiers can increase the legibility of the street. Unique traditional buildings
or uniquely colored buildings, or even beautifully visible store signs can be the
identifiers. Therefore, a variety of architectural forms are promoted to increase
the legibility of the streets. Unique street design can help elderly to spatially
locate and identify directions, thus reducing the possibility of getting lost.
5.2.4. Greenery
The green landscape can be seen as the atmosphere of the street. For
example, the whole row of continuous leafy trees can provide visual unity, form a
sub-space enclosed by trees, and effectively transfer the conflict between slow
walking activities on the sidewalk and the fast traffic on the roadway. The cleverly
designed greenery not only provides a pleasant visual experience, but also helps
to create a unique sense of place.
Green median can not only beautify the street, alleviate people's visual
fatigue, but also have the function of separating space. Greening can be used to
separate different functional areas of the sidewalk, such as between rest and
sidewalks, between fast and slow traffic.
Street trees are used to form continuous shading space. Street trees are
planted on both sides of the road to provide canopies for pedestrians and form
street scenery. Meanwhile, the street trees have function of dust absorption and
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noise reduction. Resting facilities should be shaded by trees. In order to make
the recreational facilities play a real role and not just a decoration, large crown
trees can be planted in the recreational facilities to create a good rest space.
5.2.5. Lighting
Adequate lighting can ensure the safety of the elderly at night, thus reducing
the time limit for walking. The setting of the luminaire should be fully integrated
with the street activity space. For example, the basic light level is used on the
sidewalk, while activity space such as plazas, courtyards should increase the
brightness of the lighting as needed. At the same time, the design of the
luminaire should prevent glare and avoid the use of spotlights and other lighting
methods that are easily directed at the human eye. Lighting in different spaces,
such as indoors and outdoors, should increase the auxiliary lighting to be
excessive and balanced to prevent sudden changes in brightness from causing
discomfort to the elderly.
5.2.6. Street sign system
The street sign system includes road signs, guide signs, safety signs, traffic
signs, bulletin boards and so on. The design of the logo should fully consider the
visual and cognitive abilities of the elderly. Firstly, the visibility should be fully
considered when setting the location of the identification. Signboards with large
amount of information, such as bulletin boards and guide boards, should be set
with high reading comfort. The fonts and icons of important information should be
large enough to ensure that wheelchair riders and pedestrians with poor eyesight
can easily read the information shown. Secondly, the logo design should be
simple and easy to understand. Avoid obscure and ambiguous design, when
necessary, can use voice prompt devices to help the elderly to read and
understand.
5.2.7. Street landscape
Various and diverse street landscape is often considered as a safe and
dynamic pedestrian space by the elderly. Such streets can give the elderly a rich
and varied visual experience, and also make them relax and delight. Where the
street landscape is relatively monotonous, it is often regarded as a relatively cold
and insecure place, and they are reluctant to walk in such a street. In the survey,
some street landscape designs are diverse, and there are a suitable number of
gathering space, which are more popular with the elderly when walking.
Reduce the inactive interface and increase the street activity space. The
survey results show that the proportion of first floor with windows and proportion
of active use are closely related to the walking experience of the elderly. The
street scenes with high proportion of first floor with windows and proportion of
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active use have good visual permeability, and the elderly often show more
willingness to walk. Elderly think that streets with high transparency can make
them feel relaxed. And the longer distance they can see without being blocked
will also bring them a sense of safety. The design should provide as many street
with transparent interfaces as possible, avoid enclosure of physical walls as far
as possible. Where there is inactive wall along with the street, it can be combined
with greening and setting of public arts to alleviate the depression. In addition, it
is necessary to pay attention to the design of activity spaces such as courtyard
and plazas. This kind of space will give the elderly a broader vision, more
opportunities for activities and observation, and has a positive role in promoting
walking for the elderly. At the same time, the elderly can also pass through these
spaces, so that they can reach their destination more conveniently and quickly.
5.2.8. Recreational space
Rest space is undoubtedly an important part of pedestrian environment and a
necessary supplement to the sidewalk. For elderly pedestrians, it is necessary to
stop and rest after a long walk. If there is no comfortable rest space, elderly can
only continue to move forward. The quantity and quality of recreational space are
the determinants of comfort and interest in walking process. Elderly prefer to
walk on the area with lots of leisure space because they can stop and rest when
they are tired, or just want to sit down and chat with friends; they don't want to
walk on the area without leisure space, even if the scenery of that road is more
beautiful, because there is no choice but to keep walking.
Recreational space includes three major parts: first, rest facilities, including
chairs, stools, tables, pavilions, etc; second, supporting facilities, including
garbage cans, public toilets, hand washers, sculptures, flower pots, etc; third, the
surrounding environment, such as the greenery, the corner of the building, open
space and so on. In some places, only simple rest facilities can be arranged
because of the limitation of the space or the low demand for the rest space.
Pocket recreation space is to use some incomplete and irregular urban roadside,
or the scattered small space of non-construction land as the rest place for
pedestrians; it connects with the street in a permeable and semi-permeable way.
Plaza is a large area and well-equipped recreational space. It is not only a place
for pedestrians to rest in the street, but also a place for residents to stroll and
entertain.
Street is a linear space, and passage is the main function of the sidewalk.
Recreational space is the necessary supplement of the sidewalk. Therefore, it
can be arranged at a certain interval according to the actual situation.
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5.3. Future study
To create age-friendly pedestrian environment in the automobile age,
emphasis will need to shift from almost total auto orientation, to acceptance and
promotion of pedestrian and bicycle access at all levels. Focus on the issues
related to pedestrian planning and design, as an important traffic research topic.
At the same time, academic projects in the fields of transportation planning,
urban design, urban planning and public health need to promote dialogue among
various fields in order to break the barriers to discipline establishment.
Interdisciplinary and joint degree courses should be encouraged to produce
broader professional designs. Urban designers and transportation planners work
together in creative and experimental ways to explore a variety of approaches to
enhancing walkability.
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APPENDIX
APPENDIX A: Scoring of all images

image 1
image 2
image 3
image 4
image 5
image 6
image 7
image 8
image 9
image
10
image
11
image
12
image
13
image
14
image
15
image
16
image
17

Comfor Interes Averag
t
t
e
7.71
7.58
7.65 image
31
6.47
6.66
6.57 image
32
3.11
2.74
2.93 image
33
4.55
4.53
4.54 image
34
5.05
5.32
5.19 image
35
5.79
5.71
5.75 image
36
2.58
2.05
2.32 image
37
3.79
3.66
3.73 image
38
2.45
2.13
2.29 image
39
3.89
3.74
3.82 image
40
3.89
3.87
3.88 image
41
4.11
4.11
4.11 image
42
5.55
5.71
5.63 image
43
3.89
2.53
3.21 image
44
6.11
6.34
6.23 image
45
4.11
4.03
4.07 image
46
5.66
5.63
5.65 image
47
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Comfo Interes Averag
rt
t
e
2.63
2.08
2.36
3.39

4.42

3.91

3.45

3

3.23

7.45

7.55

7.50

5.08

5

5.04

3.89

3.92

3.91

3.81

3.87

3.84

5.51

5.76

5.64

5.05

4.82

4.94

5.18

5.21

5.20

4.21

4.39

4.30

4.29

4.32

4.31

6.45

6.61

6.53

5.5

5.42

5.46

2.68

2.26

2.47

5.03

5.05

5.04

6.82

7.05

6.94
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image
18
image
19
image
20
image
21
image
22
image
23
image
24
image
25
image
26
image
27
image
28
image
29
image
30

4.66

4.21

4.24

3.24

3.87

3.79

3.89

3.61

4.05

4.55

7.58

7.58

4.76

4.32

3.39

3.05

5.66

6.42

8.26

8.24

2.81

2

3.82

3.05

6.45

6.66

4.44 image
48
3.74 image
49
3.83 image
50
3.75 image
51
4.30 image
52
7.58 image
53
4.54 image
54
3.22 image
55
6.04 image
56
8.25 image
57
2.41 image
58
3.44 image
59
6.56 image
60
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3.76

3.47

3.62

4.11

4.29

4.20

3.76

3.61

3.69

3.87

3.71

3.79

3.55

3.45

3.50

4.34

4.18

4.26

4.13

4.35

4.24

2.5

1.89

2.20

4.24

3.95

4.10

3.42

3.21

3.32

3.61

3.79

3.70

3.26

3.34

3.30

4.24

4.45

4.35
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APPENDIX B: Streetscape features of highest comfort level

Street width
Sidewalk width
Proportion of sidewalk
Proportion of historic
buildings
Courtyards/plazas/par
ks
Outdoor dining
Buildings with
nonrectangular
silhouettes
Major landscape
features
Buildings with
identifiers
Proportion of street
wall
Proportion of sky
ahead
All street furniture and
other street items
Proportion of first
floor with windows
Building height
Proportion of same
height Building
Small planter
Proportion of tree
canopy
Proportion of active
uses
Number of buildings
Dominant building
colors
Accent colors
Public art
Day/Night

Image
27
130
60
0.46
0

Image
1
65
30
0.46
0

Image
23
90
30
0.33
0.2

Image
34
45
45
1
1

Image
47
80
80
1
0

1

1

0

1

1

0
0

0
0

1
0.2

1
0.2

1
0

0

0

0

0

0

1

0

3

1

1

1

1

0.8

0.8

1

0.3

0.1

0.3

0.2

0.2

7

6

3

3

5

0.3

0.1

0.5

0.7

0.6

36
1

72
1

40
0.8

60
1

36
1

1
0.8

0
0.9

0
0.2

0
0

2
0.4

1

1

0.8

1

0.5

6
2

6
3

5
2

5
1

2
1

3
0
1

4
0
1

4
0
1

3
1
1

3
0
0
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APPENDIX C: Streetscape features of lowest comfort level

Image
9
65
10
0.25
0

Image
55
80
20
0.25
0

Image
7
65
15
0.23
0

Image
31
100
20
0.20
0

Image
45
80
20
0.15
0

0

0

0

0

0

0
0

0
0.5

0
0

0
0

0
0

0

0

0

0

0

3

0

1

1

0

1

0.6

1

1

0.8

0.5

0.5

0.4

0.5

0.3

2

4

0

4

3

Proportion of first floor
with windows
Building height
Proportion of same
height Building
Small planter
Proportion of tree
canopy
Proportion of active
uses
Number of buildings

0.4

0.2

0.3

0.3

0.5

14
0.8

24
1

12
1

30
0.5

24
1

0
0.2

0
0.3

0
0

2
0.1

0
0.4

1

0.2

0.5

0.6

0.8

12

6

3

8

6

Dominant building
colors
Accent colors
Public art
Day/Night

5

2

2

4

2

4
0
1

2
0
0

1
0
1

3
0
1

4
0
0

Street width
Sidewalk width
Proportion of sidewalk
Proportion of historic
buildings
Courtyards/plazas/park
s
Outdoor dining
Buildings with
nonrectangular
silhouettes
Major landscape
features
Buildings with
identifiers
Proportion of street
wall
Proportion of sky
ahead
All street furniture and
other street items
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APPENDIX D: Streetscape features of highest interest level

Street width
Sidewalk width
Proportion of sidewalk
Proportion of historic
buildings
Courtyards/plazas/par
ks
Outdoor dining
Buildings with
nonrectangular
silhouettes
Major landscape
features
Buildings with
identifiers
Proportion of street
wall
Proportion of sky
ahead
All street furniture and
other street items
Proportion of first
floor with windows
Building height
Proportion of same
height Building
Small planter
Proportion of tree
canopy
Proportion of active
uses
Number of buildings
Dominant building
colors
Accent colors
Public art
Day/Night

Image
Image
Image
Image
Image
27
1
23
34
47
130
65
90
45
80
60
30
30
45
80
0.46
0.46
0.33
1
1
0
0
0.2
1
0
1

1

0

1

1

0
0

0
0

1
0.2

1
0.2

1
0

0

0

0

0

0

1

0

3

1

1

1

1

0.8

0.8

1

0.3

0.1

0.3

0.2

0.2

7

6

3

3

5

0.3

0.1

0.5

0.7

0.6

36
1

72
1

40
0.8

60
1

36
1

1
0.8

0
0.9

0
0.2

0
0

2
0.4

1

1

0.8

1

0.5

6
2

6
3

5
2

5
1

2
1

3
0
1

4
0
1

4
0
1

3
1
1

3
0
0
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APPENDIX E: Streetscape features of lowest interest level

Image
55

Image
28

Image
Image
Image
7
31
9
65
100
65
15
20
10
0.23
0.20
0.15
0
0
0

Street width
Sidewalk width
Proportion of sidewalk
Proportion of historic
buildings
Courtyards/plazas/park
s
Outdoor dining
Buildings with
nonrectangular
silhouettes
Major landscape
features
Buildings with
identifiers
Proportion of street
wall
Proportion of sky
ahead
All street furniture and
other street items

80
20
0.25
0

80
20
0.25
0

0

0

0

0

0

0
0.5

0
0.2

0
0

0
0

0
0

0

0

0

0

0

0

1

1

1

3

0.6

0.6

1

1

1

0.5

0.4

0.4

0.5

0.5

4

0

0

4

2

Proportion of first floor
with windows
Building height
Proportion of same
height Building
Small planter
Proportion of tree
canopy
Proportion of active
uses
Number of buildings
Dominant building
colors
Accent colors
Public art
Day/Night

0.2

0.2

0.3

0.3

0.4

24
1

24
0.6

12
1

30
0.5

14
0.8

0
0.3

0
0

0
0

2
0.1

0
0.2

0.2

0.6

0.5

0.6

1

6
2

6
2

3
2

8
4

12
5

2
0
0

3
0
1

1
0
1

3
0
1

4
0
1
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APPENDIX F: Informed Consent Form

INFORMED CONSENT TO PARTICIPATE IN A RESEARCH PROJECT:
“Inventory of Aging-friendly Pedestrian Environment”
INTRODUCTION
This form asks for your agreement to participate in a research project on City of San Luis Obispo
Elderly pedestrian environment Inventory. Your participation involves scoring with 20 different
street scenes. It is expected that your participation will take approximately 15 minutes. There are
no risks anticipated with your participation. If you are interested in participating, please review the
following information.
PURPOSE OF THE STUDY AND PROPOSED BENEFITS
 The purpose of the study is build up an aging-friendly pedestrian environment.
 Potential benefits associated with the study include reflect the psychological feelings of
objective objects by selecting the interval values of the street scene, so that
respondentscan simply and accurately reflect the relevant characteristics of objective
objects..
YOUR PARTICIPATION
 If you agree to participate, you will be asked to score with 20 different street scenes. Each
scene contains different components.
 Your participation will take approximately 15 minutes.
PROTECTIONS AND POTENTIAL RISKS
 Please be aware that you are not required to participate in this research, refusal to
participate will not involve any penalty or loss of benefits to which you are otherwise
entitled, and you may discontinue your participation at any time. If you decide to
withdraw your participation, you can withdraw at any time. You may omit responses to
any questions you choose not to answer.
 There are no risks anticipated with your participation in this study.
 Your responses will be provided anonymously to protect your privacy.
 Identifying information might be removed from identifiable private information and that,
after such removal, the information could be used for future research studies or
distributed to another researcher for future studies without additional informed consent.
Identifying information collected as part of the research, even if the identifiers are
removed, will not be used or distributed for future research studies.
RESOURCES AND CONTACT INFORMATION
 If you should experience any negative outcomes from this research, please be aware that
you may contact the Campus Health & Wellbeing, the researcher, or an external person or
agency at 9259738818, for assistance
 This research is being conducted by Qijun Zeng in the Department of College of
Architect and Environment Design at Cal Poly, San Luis Obispo. If you have questions
regarding this study or would like to be informed of the results when the study is
completed, please contact the researcher(s) at junozeng94@gmail.com, the student’s
faculty advisor ahajraso@calpoly.edu.
 If you have concerns regarding the manner in which the study is conducted, you may
contact Dr. Michael Black, Chair of the Cal Poly Institutional Review Board, at (805)
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756-2894, mblack@calpoly.edu, or Ms. Debbie Hart, Compliance Officer, at (805) 7561508, dahart@calpoly.edu.
AGREEMENT TO PARTICIPATE
If you agree to voluntarily participate in this research project as described, please indicate your
agreement by signing below, completing the attached survey completing the attached survey. Please
retain a copy of this form for your reference, and thank you for your participation in this research.

___ Yes, I agree to participate but do not allow my interview to be recorded.

____________________________________ ________________
Signature of Volunteer
____________________________________ ________________
Signature of Researcher
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APPENDIX G: Questionnaire

1. What year were you born?
2. What is your gender?
3. Which zip code do you live in?
4. Do you have a health related issue that prevents you from walking for 5 minutes or more?
A. Yes
B. No
C. Sometimes, or to some extent
5. What is/are your general reason(s) for walking: (Select all that apply)
A. Shopping B. Strolling C. Commuting D. Exercising E. Other (please fill in) ---------6. What is your typical walking distance per day?
A. 0-1 mile B. 1-3 miles C. More than 3 miles
7. What are the reasons that most hinder your choice of walking? (Select all that apply)
A. I need to walk a long distance to reach to a destination
B. Walking route is not comfortable for walking (narrow, steep, uneven)
C. Walking route is not safe (traffic accident, or crime)
F. Walking route is boring
G. Walking route does not have greenery, or trees
I. I do not like walking in general
J. My physical health prevents me to walk
K. Other (please fill in) ----------------

8. Please rate the importance of these factors in your decision about which route to walk.
Very

Fairly

important

Important

Important

Wide sidewalk
Shaded sidewalk
with trees
Cohesion of
roadside
architectural
styles
Unique buildings
and architectural
styles exist along
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Slightly

Not at all

No

Important

important

Opinion
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the path
Good view to
natural features
such as
mountains or
lakes
Safety from
collision (with a
car or a bike)
Access to urban
furniture (such as
tables, chairs)
well-lighted path
at night
Proximity to public
transportation
Proximity to retail,
café, an
restaurants
Crossing a local
park
Avoid noise
Passing a safe
area crime-wise
Having a physical
barrier, such as
fence or row of
trees between
sidewalk and the
roadway
Road signs exist
and are legible

9. What do you think are the most important factors influencing walking experience? (Select
the top three)
A. Accessibility
B. Width of sidewalks
C. Traffic safety
D. Flat road surface
E. Shade and greenery
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F. Cleanliness and tidiness
G. Interesting architectural style
H. Active buildings such as restaurants and cafes
L. Other (please specify)
__________________________________________________
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